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‘Why are so many families poor?’ 
 
  Parents do not have jobs 
 
‘But why don’t the parents have jobs? 
 
                    They lack knowledge and skills 
 
‘Why do they not have skills?’ 
 
           They did not finish school 
 
‘Why didn’t they finish school?’  
 
          They were sick and missed classes 
 
‘But why were they sick?’  
 
  They suffered from toothache 
 
‘But why did they suffer from toothache?’  
 
                  They did not have fluoride toothpaste  
 
        WHY? 
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CHAPTER 1 
 
 
General introduction 
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Untreated dental caries 
Good health and access to health services are fundamental human rights. These rights are 
equally valid for oral health and oral health care, since oral health is an integral part of 
general health1.  Unfortunately, these privileges have not been fully realised since untreated 
dental caries remains a global public health problem, especially amongst children and 
adolescents.  Analysis of caries epidemiological information accessed from the WHO Oral 
Health Country/Area Profile Programme2 in 2006 highlight the extent of the problem in the 
deciduous and permanent dentition of children of low-, middle- and high-income countries 
(Figure 1 and 2) which has been described as pandemic3. While dental caries has declined in 
many countries, the problem still persists among the poor and disadvantaged groups in 
developed and developing countries4.  
 
 
 
 13 
 
The care index (f/dmft*100 or F/DMFT*100) is below 3% in low-income countries. 
Decayed deciduous teeth are not being treated even in young children of high-income 
countries as evidenced by the low care index of 20%.  Even in wealthy countries such as the 
United Kingdom5 and the Netherlands6, only 12-14% of carious lesions  in 5-year olds was 
treated by restorations in 2003/5 and young children with high levels of dental caries have 
problems accessing dental care in the United States7. 
  
Impact of untreated dental caries 
Dental caries has a significant and often underestimated impact on individuals and 
communities. Untreated dental caries can lead to pain, functional limitation, disability, 
handicap and impairment8.   In an environment of poor nutrition, chronic disease and poor 
access to oral health care, untreated dental caries may develop into life threatening conditions 
including systemic sepsis, osteomyelitis and infection of floor of mouth and neck spaces. 
Although not all untreated dental caries lead to life threatening conditions, it affects the 
quality of life of children expressed through pain, discomfort, disfigurement and acute and 
chronic infections9. 
  Children experiencing high levels of caries are at higher risk of hospitalisations and 
emergency dental visits10-13, increased treatment cost and time14,15, loss of school days and 
increased days with restricted activity16,17 and a diminished ability to learn18.   
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Loss of school days and restricted activities 
Widespread untreated dental caries among school children impedes education of the nation’s 
children.  In the United States, 3.1 days per year are lost per 100 youths age 5-17-years due to 
acute dental conditions, mostly due to dental caries in 199619.  The problem is more extensive 
amongst children of the lower socio-economic class who had 12 times as many missed school 
days because of dental problems compared to children from higher income families20. In a 
school survey of American native schoolchildren, one third of the schoolchildren reported 
missing school because of dental pain, 25% avoided laughing or smiling, and 20% avoided 
meeting other people because of the appearance of their teeth21.  Children with chronic dental 
pain were unable to focus and unable to complete school assignments; which affected their 
school performance negatively, impacting their self-esteem22.  A survey of 4221 Nepali 
schoolchildren in age 9-11 years indicated that 45% of them had suffered toothache during 
their lifespan and 25% had suffered from toothache in the week prior to the survey. The most 
frequent impact on the quality of life was the inability of children to eat (62%), followed by 
the inability to sleep (13%)23. In Western Cape, South Africa, 88% of the children surveyed 
reported experiencing dental pain with 70% suffering dental pain within the last two 
months24.  More than 50% reported pain scores of ‘severe’ and ‘very severe’. Seventy per 
cent of the children missed school due to pain. Among 380 first grade Filipino 
schoolchildren, 82% had experienced toothache, 32% suffered from a toothache in the four 
weeks prior to the survey and 12% experienced a toothache in the last few days25. The extent 
of the toothache problem can be judged by the fact that the Department of Education in the 
Philippines reported that the principal reason for absenteeism from schools is due to 
toothache26.  A cross-sectional study of 1126 Thai schoolchildren aged 11-12 years revealed 
that 90% had oral impacts due mostly to dental pain27.  The most commonly reported impact 
was the inability to eat (72.9%).   
 
Child growth and development 
Untreated dental caries has been shown to impact significantly on the physical and cognitive 
development of young children. Studies show an association between caries in the primary 
dentition with protein-energy malnutrition28,29 and stunted growth30,31. Severe early 
childhood caries (ECC) may be a possible aetiological or contributing factor to failure to 
thrive (FTT) in young children, characterised by poor weight gain32-34. Miller et al.35 showed 
that children with severe dental caries requiring multiple extractions were significantly 
lighter than control children and in a Turkish study children with early childhood caries 
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(ECC) were significantly lighter and shorter than controls without caries36.  Subsequent 
dental rehabilitation in children with associated poor weight gain led to improvement in 
weight gain32,37 and to significant improvements in the children’s eating preferences, quality 
of food eaten, social behaviour and sleeping habits as reported by their parents38,39.  Children 
with ECC had significantly lower oral health-related quality of life scores reported by both 
children and the guardians than their counterparts without ECC and reported significant 
improvements in quality of life measures after dental rehabilitation40-42. 
 
High cost of curative care 
Dental caries impacts on the wellbeing of the nation as a whole through lost education and 
work opportunities of its citizens due to pain and its consequences; through its toll on general 
health; and through the associated drain on health care resources. The treatment of dental 
caries is an economic burden on public health care budgets and on personal budgets. In the 
United States expenditure for dental services in 1998 were US$53.8 billion, a 5.3 percent 
increase from 1997 and was 4.7 percent of the total expenditure on health19.  In 2002-2003, 
the total dental service expenditure in Australia was $4.4 billion or 6% of the total health 
expenditure43.   The soaring cost of oral health care services are related to the high cost of 
restoring carious teeth which may be one of the most expensive parts of the body to treat.  
For example, the direct cost of caries treatment in Germany was 20.2 billion Deutsche Marks 
(DM) compared to 15.4 billion DM spent on cardiovascular disease and 2.3 million DM on 
diabetes in 199444.  Estimates for the management of severe ECC range from US$1500 to 
US$2000, and can be as high as US$7000 when sedation or general anaesthesia is 
required14,45,46. 
 
Impact on personal finances 
The governments of many low-income countries are unable to provide even an essential 
package of health care to all of their people, let alone curative treatment for dental caries47.  
The cost of restorative treatment for dental caries in low-income countries would exceed the 
total health care budget for children. Due to the lack of public funding, private households are 
burdened with the costs for dental treatment. Bratthall and Barmes48 reported that a simple 
filling in Zimbabwe would cost US$2.50 which is equivalent to 1 to 2 kilograms of meat or 2 
tubes of toothpaste. In Nepal, the cost of a single surface restoration is US$5 to 6. After 
adding the cost of transportation for a village child accompanied by his/her parents to visit a 
dentist for treatment at an urban clinic, the total expenses would amount to US$14 which 
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does not include the lost wages of the parents. For an average Nepali earning less than 
US$0.75 a day, it is equivalent to half a months wage or enough food for a month.   
 
Limitations of a curative approach 
Low impact of dental services on prevalence and incidence of caries 
It is not possible to meet the challenge of dental caries with a model of oral health care based 
solely on provision of care by dentists. This approach is not efficient and has limited impact 
on the incidence and distribution of disease in the population. In an analysis of data on 12-
year-old children in 18 industrialised countries, curative dental services only accounted for 
3% of the variation in the decline in DMFT for 12-year-olds in the 1970s and 1980s49.   
 
Lack of dental manpower 
Low-income countries are not only limited by lack of financial resources but are also 
constrained by the lack of dental manpower.  For example, a ratio of 1 dentist per 250,000 
people is common in rural Nepal50 and in Africa the dentist to population ratio is 1:150,000 
while most industrialised countries have a ratio of 1:2,00051.  The strategy employed to 
improve the manpower situation is to produce more dentists with the expectation that people 
will be able to receive more treatment and have better oral health. This strategy is erroneous 
as more dentists means better access to services for the elite in urban centres and continued 
lack of care for the more populous rural population. India, for example, has a dentist: 
population ratio of 1:30,000 and is producing more than 7000 dentist per annum. However, 
most of the dentists desire to live and work in urban centres, serving less than 30% of the 
population52.   
 
Low impact of dentists on percentage of untreated caries 
Neither does more dentists equate with more treatment nor with improved oral health. That 
the adoption of a curative model with dentists in low-income and low-middle-income 
countries is an erroneous approach is well illustrated with the situation in Syria which has a 
population of 17 million.  Between 1985 and 1998, the number of dentists in Syria increased 
from about 2000 to 11000, resulting in a dentist to population ratio of 1:1,500, but the Care 
Index (F/DMFT*100%) of the child population did not change in that period and remained 
around 15%; and that of adults increased only moderately from 17 to 33%53.  The reason for 
the described situation is that the majority of the population in Syria cannot afford restorative 
care provided by dentists.  Similarly, Thailand and the Philippines have a dentist: population 
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ratio approaching that of most high-income countries, yet the Care Index (F/DMFT*100%) of 
children is very low and is comparable with other Asian countries with a more adverse dentist 
to population ratio (Table 1). 
 
 
 
 
High normative need but low demand for oral care 
The health care systems of industrialised nations are based on the demands and wants for oral 
care and on the available finance. Although the normative need for restorative treatment is 
high, the demand for restorative services in low-income nations is low. Not all people who 
perceive they have an oral health problem seek treatment. Often neglected are other factors 
which determine the demand for services such as the perceptions and attitudes of patients 
toward health and ill health, the social origins of oral diseases, the influence of culture and 
people’s priorities. These factors influence the utilisation of health services and ultimately 
influence the effectiveness and efficiency of oral care. The main reason for people visiting 
dental care services in low-income countries such as Burkina Faso54, United Republic of 
Tanzania55-57, Nigeria57, China59, Sri Lanka60 and Vietnam61 is for the relief of pain due to the 
sequela of dental caries.  There is also a direct relationship between number of filled teeth and 
the per capita gross domestic product (GDP) of countries which further suggests that 
restorative treatment is unaffordable in low-income countries62.  If the Care Index 
(F/DMFT*100%) for 34-44-year olds is used as an indicator of the country's restorative care 
level, it appears that no country with a gross domestic product (GDP) below US$ 5000 has a 
Care Index higher than 30%.       
 
Fluorides as a public health approach 
The burden of poor oral health in children and adolescents has a detrimental impact on 
general health, quality of life, education, national health budgets and the financial health of 
families in low-income nations. The application of a curative approach to the problem of 
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untreated dental caries has limited effect on a public health predicament. When the 
prevalence of dental caries is high, prevention and control of the problem necessitates the 
implementation of public health and health promotion strategies.  “Where there is mass 
exposure to risk there is a need for mass measures of control.”63. Altering whole exposure 
distributions by controlling the determinants, reducing a population’s exposure to a risk 
factor or increasing the population’s exposure to a healthier environment is the most effective 
way to reduce the incidence and prevalence of dental caries in the community. Arguably, in 
the case of dental caries, the determinants which are open to mass measures of control are 
sugar consumption and the protective influence of fluoride.  However, there is no evidence 
from intervention studies that dietary habits can easily be changed in order to reduce caries64.   
 
Action of fluorides 
The beneficial effects of fluoride as a public health measure have been known for more than 
50 years.  There are at least 4 cariostatic mechanisms of fluoride65: 
• Reduction in acid solubility of enamel: It inhibits demineralisation by lowering the 
critical pH for the dissolution of enamel. 
• Remineralisation of early carious lesions: Fluoride promotes the process of 
remineralisation and the healed site is more resistant to caries attack. 
• Increase in the rate of post-eruptive enamel maturation: During enamel formation, the 
hydroxyl ion is substituted by the fluoride ion in the hydroxyapatite leading to the 
formation of larger fluorapatite crystals, which are less susceptible to acid dissolution. 
• Inhibition of acid formation by plaque bacteria: Fluoride interrupts the metabolic cycle of 
the oral pathogenic bacteria, thereby reducing their ability to metabolise sugars and 
produce acids. 
 
Fluoride’s predominant effect is post-eruptive and topical; and its effectiveness as a 
therapeutic agent in the remineralisation process is enhanced by its continuous availability in 
low concentrations in the oral environment66,67. 
 
Community fluoride options 
The principle public health approaches for the enhancement of a fluoridated oral environment 
are water fluoridation, salt fluoridation, and fluoride toothpaste. Other forms of fluoride such 
as fluoride mouth rinses68, gels69 and varnishes70 are also effective.  However, these depend 
 19 
on access to oral health care services and are only accessible to a smaller population.  There 
are insufficient studies with good quality evidence which show the effectiveness of milk 
fluoridation in reducing caries71.  A limited number of randomised control studies on milk 
fluoridation suggest that it is effective in reducing dental caries in the deciduous as well as 
permanent dentition but fluoridated milk is generally limited to children in preschool, 
kindergarten or early school years with access to organised milk distribution. The key 
features of these methods are well documented in textbooks72,73, systematic reviews75-79, 
recommendations and technical reports80-85.  Currently, there are no Cochrane reviews on 
water and, salt fluoridation. The combination of various fluoride modalities is partially 
additive in terms of effectiveness86 but it is recommended that no more than one form of 
systemic fluoride be available along with fluoride toothpaste.   
 
Choosing the appropriate fluoride strategy 
Criteria 
Decision makers need to consider a set of criteria when choosing the appropriate fluoride 
strategy or strategies. Some of the more important criteria include: 
• Equitable:  The potential for the fluoride vehicle to be accessible to the entire 
population regardless of geography, social class, gender or age. 
• Effective:  There is good evidence to show that the intervention is effective in 
preventing caries in all age groups and in the primary and permanent dentition. 
• Efficient and sustainable:  The intervention is low cost and affordable to the 
community or nation and reduces the cost for restorative treatment. The population is 
able to financially sustain the continuation of the intervention. 
• Safe:  The intervention causes no physical, social, psychological or emotional harm. 
• Compliance:  The intervention does not require the cooperation or change in 
behaviour of individuals of the target group in order for it to be effective. 
• Feasible:  The country has the human capacity, technology and infrastructure to 
implement the fluoride intervention. 
• Legislation:  Laws and regulations are necessary for the introduction and 
sustainability of the fluoridation programme, fluoride dosage and/or quality control 
mechanisms.  
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• Quality control: To ensure quality and safety, standards and measures are required to 
monitor the quantity and quality of chemicals added to the product. Personnel need to 
be trained to carry out simple, effective and efficient tests. 
• Monitoring and surveillance:  Epidemiological surveillance of the fluoridation 
programme is necessary to determine the proper dosage of fluoride to achieve 
maximum protection and minimum undesirable side effects.   
• Utilisation in high fluoride areas:  The introduction of the fluoride programme may 
be problematic in geographic areas where naturally occurring fluoride in the drinking 
water exceeds 0.5ppm.  
• Health promotion:  Health promotion activities such as advocacy, facilitation, 
education may be necessary for the initiation, implementation, acceptance and 
continuation of fluoride strategies. 
• Acceptable:  The fluoride programme must agreeable to the community. 
 
A synopsis of the information regarding fluoride water, salt and toothpaste, categorised by 
criteria, is provided below.   
 
Equitable 
Water fluoridation is suitable for urban populations with a central water supply accessible to 
most of the population while salt fluoridation is more suitable for countries with large rural 
populations or regions with poor centralised water systems87.  Since water fluoridation 
reaches all subjects in a city or community which it supplies, it has the ability to reduce caries 
in all age groups, genders and socio-economic groups and to reduce socio-economic 
inequities in caries experience77,78,88-,90.    Salt fluoridation has the potential to reach entire 
populations but a substantial part of the population may be using non-fluoridated salt 
depending on local legislation concerning the availability and usage of fluoridated and non-
fluoridated salt.  Approximately 80-100% of the population have access to fluoridated salt in 
Jamaica, Costa Rica, Mexico, Uruguay, Switzerland, Colombia and Ecuador. However, other 
countries such as France, Czech Republic, Slovakia, Spain and Austria have less than 30% of 
the population using fluoride salt. When fluoridated salt is packaged in 500 g or 1 kg 
packages and when it is permitted to be used in large kitchens, schools, bakeries and 
institutions as well as individual households, almost all the population is covered91.  
Children’s fluoride intake is less than optimum when their access is limited to table salt 
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only92.  In order to obtain substantial public health benefits, it has been hypothesised that 75-
85% of the population need to use fluoridated salt91.  
The public health effectiveness of fluoride toothpaste is dependent on the uptake and 
regular widespread use (75% of the population) of an efficacious product49,93.  All social 
classes can benefit from the introduction of fluoride toothpaste. In the United Kingdom all 
social classes have benefited from the introduction of fluoride toothpaste, with the higher 
social class more than those of lower social class94.  Urban populations compared to rural are 
more likely to adopt brushing with a fluoride toothpaste in low-income countries95,96.  In 
Nepal, the proportion of adults older than 50 years using a fluoride toothpaste is considerably 
less than adolescents and young adults97.  
 
Effective 
Water fluoridated to 1ppm F in temperate climates and 0.5-0.7 ppm F in hotter climates has 
demonstrated caries controlling effects on the dentition of children as young as 3 years98 and 
adults up to 75 years99.  Analysis of 59 water fluoridation studies on the primary dentition 
and 86 studies on the permanent dentition, showed caries reduction in the order of 40-49% in 
the primary dentition and 50-59% in the permanent dentition100.  A systematic review of 
water fluoridation which included 214 studies of low or moderate quality, found the 
reductions in the incidence of caries to be lower than previously reported.  The range of mean 
difference in the proportion of caries-free children age 12-years was -5.0% to 65%; while the 
range of mean difference in dmft/DMFT was 0.5 to 4.478.  It has been estimated that water 
fluoridation reduces coronal and root caries over a lifetime by 20-40% and reduces the 
percentage of persons who are edentulous101,102. 
An analysis of epidemiological information on the caries controlling effectiveness of 
salt fluoridation has led to the conclusion that for pre-school and school age children as well 
as for adults up to age 47 years, salt fluoridation affords a level of protection similar to that of 
water fluoridation when salt is fluoridated to 250 mgF/kg salt under the conditions of 
universal fluoridation91.  Early community salt fluoridation controlled trials in Hungary103 
between 1966 and 1976, and in Columbia104 between 1964 and 1972 demonstrated the 
effectiveness of fluoridated salt as a preventive measure for children when all salt for human 
consumption was fluoridated.  In Hungary the dmft in children 2-6-years of age dropped 
65.8% and in children 12-14-years of age, the DMFT reduction was 59% while little change 
occurred in the control communities. Similarly, in 3 experimental communities in Columbia, 
the DMFT reduction was in the order of 48-60% in children age 6-14 years while the DMFT 
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of the children of the control community remained stable over the period of 8 years. The dmft 
of the Columbian children age 2-7-years also showed progressive decline during the period of 
salt fluoridation. In the last two decades large declines in the 12-year-old DMFT has occurred 
in Jamaica (84% in 11 years), Costa Rica (73% in 13 years), Mexico (45% in 9 years) and 
Uruguay (42% in 8 years)80.  Such high figures attributed to the effectiveness of salt 
fluoridation may however be the result of other confounding factors such as fluoride 
toothpaste.   
Brushing with fluoride toothpaste is an ideal method to maintain an ambient level of 
fluoride in the oral cavity. Most clinical trials of fluoride toothpaste have been conducted 
with 1000 ppm of fluoride, either as 0.76 % sodium monofluorophosphate, 0.24 % sodium 
fluoride or 0.4 % stannous fluoride.  Higher levels of fluoride above 1000 ppm have 
demonstrated proportional caries controlling efficacy105.  For every additional 500ppm above 
1000 ppm F, a cumulative 6-7% in caries increment can be expected. A systematic review of 
the effectiveness of fluoride toothpaste for the prevention of dental caries in children 
examined 74 included randomised controlled trials and found on average a 24% reduction in 
decayed, missing and filled tooth surfaces (D(M)FS) in the permanent dentition of children 
between the age of 6 to 16 years75.  The effect of fluoride toothpaste increased with higher 
baseline levels of D(M)FS, higher fluoride concentration, higher frequency of use, and 
supervised brushing, but was not influenced by exposure to water fluoridation. No significant 
differences were found between the trials of sodium monofluorophosphate, stannous fluoride, 
sodium fluoride, and amine fluoride as the active ingredient.  Similar conclusions were 
derived from another systematic review on the effectiveness of fluoride toothpaste79.  A 
randomised controlled study of affordable fluoride toothpaste containing 1000 mg/kg of 
fluoride involving 2141 children age 6 to 10 years was conducted in the developing country 
of Indonesia106.  After 3 years the children receiving the intervention experienced a 23% 
reduction in the DMFT increment compared to the control group, with the children under the 
age of 8 years experiencing a 40% reduction in the DMFT increment. 
Fluoride toothpaste has also demonstrated caries preventive effects on the deciduous 
dentition. A large study involving 2008 children age 6 to 9 years reported a substantial 
reduction in caries increment (37%) which was highly statistically significant (p< 0.001)107. 
Toothpaste at 1000 ppm of fluoride was found to have beneficial effects on adult 
coronal caries as well as root caries108,109 and in another study, dentrifice containing 5000 
ppm of F was significantly better at remineralising root caries than 1000 ppm fluoride 
toothpaste110.   
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Low fluoride toothpaste (250 ppm F) was found not to be as effective as toothpaste 
fluoridated to 1000 ppm F or more in a systematic review74.  The anticaries efficacy of 500 
ppm F toothpaste versus 1000 ppm F toothpaste requires further study. A randomised 
controlled study of 440 ppm F and 1450 ppm F toothpaste on a large study population 
showed a statistical difference in effectiveness in favour of toothpaste fluoridated at 1450 
ppm F111.  Another recent randomised controlled study found that 500 ppm F toothpaste was 
less effective than 1000 ppm F toothpaste in controlling the progression of active lesions112. 
The lower reported reductions in caries for fluoride toothpaste compared to water and 
salt fluoridation may be attributed to the short duration of fluoride toothpaste studies (2-3 
years).  Regular lifetime usage of fluoride toothpaste may accrue the same benefit as water 
and salt fluoridation84.  Stronger evidence exist for the efficacy of fluoride toothpaste than for 
water fluoridation; and very limited evidence exists for salt fluoridation. 
 
Efficient and sustainable 
Of the 3 fluoride interventions, salt fluoridation has been reported to incur the lowest cost.  
The cost of the salt fluoridation scheme is dependent primarily on the number of factories 
available in a country.   
With regards to infrastructure costs for salt fluoridation, a simple batch mixer with a 
motorised rotary paddle or ribbon mixer can cost US$3,000 to US$10,000 and produce 2,000 
to 3,000 tons of fluoridated salt a year for a population of 350,000 to 500,000113.  Continuous 
spray machines can cost US$85,000 for a one ton/hour machine while a 5 ton/hr mixer can 
cost $US400,000 and produce 20,000 tons/year for populations of several million people114. 
The cost of installation for large plants can be as high as US$200,000.  Approximately 85-
90% of the costs are devoted to infrastructure. In many cases salt iodisation may already be in 
place in which case the cost of fluoride equipment would then be 30-50% less. The running 
costs of salt fluoridation (laboratory personnel, fluoride, maintenance) of which the major 
expense is the cost of the fluoride chemical, has been estimated to range from US$0.023 to 
US$0.04/capita/year.   
Information on fluoridation systems, equipment, operations, maintenance and costs is 
available from ‘Water Fluoridation.  A Manual for Water Plant Operators’115 which is 
currently being revised for publication in 2008.  Cost estimations take into consideration 
costs for chemicals, equipment, chemical storage, test equipment and installation. These costs 
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can be quite variable and depend on factors such as local conditions, shipping, availability, 
labour, and other factors.  A range of typical costs is provided in American prices for 2005: 
• Chemical:  $1.60 – $2.55 per pound 
• Fluoridation equipment:  $21,600 – $47,500 plus 15% for consulting engineers fees 
• Test equipment: $12,475 -  $23,850 
• Chemical storage: $3 - $15 per square foot 
• Installation:  usually equals the cost of equipment 
 
Annual running cost per person for water fluoridation has been estimated to be 
US$2.94 for small communities (<5000 people) to US$0.46 for large communities with 
populations exceeding 20,000116.  The running costs of fluoridation of salt are 10-100 times 
lower than that of water fluoridation.  The amount of fluoride required for water fluoridation 
is approximately 100 greater than for salt fluoridation which increases the cost of shipping 
and storage.  
Griffin, Jones and Tomar116 estimated the cost-benefit ratio (amount saved in 
restorative treatment for every dollar spent on the intervention) of water fluoridation for a 
large community to range from 1:3 to 1:34.  Since salt fluoridation is 10-100 times less to run 
than water fluoridation, the cost-benefits of salt fluoridation have been reported to range from 
1:30 to 1:300.  Estupinan-Day117 reported a cost-benefit ratio range of 1:122 to 1:203 for salt 
fluoridation.  Since the level of effectiveness of salt fluoridation is in doubt, the cost-benefit 
calculations for salt fluoridation are problematical. 
Toothpaste production is a fairly simple process which involves mixing the 
ingredients, usually fluoride, sorbitol, calcium, carrageenan, flavours saccharin and 
preservatives in a mixer. A highly automated production line cleans, fills, heat seals and 
boxes the tubes of paste. Workers would then seal four or six boxes together.  An assembly 
line of 5 workers producing 57 tubes per minute, 16 hours per day, six days a week will yield 
15 million tubes of toothpaste a year118.  A single filling line would cost US$200,000 while a 
mixer costs US$60,000.   
In the Philippines an average 100 ml tube of toothpaste costs approximately US$0.27 
to manufacture. Packaging accounts for 40% of this cost, ingredients comprise 40% and 
labour 20%118. The retail price per 100 ml tube can range from US$0.40 to US$0.90 with the 
gross profit margin varying from 15% to 62%.  All the costs are passed onto the consumer.  
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The cost of toothpaste varies from community to community within countries and also 
from country to country. It may be relatively more affordable for consumers of high- and 
middle-income countries to purchase fluoride toothpaste than consumers in low-income 
nations. In many countries, toothpaste is taxed as a cosmetic product and governments are 
urged to remove taxes on fluoride toothpaste85and certain criteria should be developed to 
ensure the toothpaste is a quality product and that the savings are passed onto the consumer.  
Other strategies for increasing the affordability of fluoride toothpaste include: 
• Advocacy to increase local manufacturing and distribution of fluoride toothpaste21. 
• National or public production of fluoride toothpaste119.  Governments or not-for-profit 
businesses would be able to produce and sell toothpaste at cost.   
 
Reliable cost-benefit calculations for fluoride toothpaste are not available.  
Comparisons of economic valuations of the three fluoride vehicles need to take into 
consideration the cost of the vehicle (water, salt and toothpaste ingredients) as well as other 
costs such packaging and marketing costs in order to be able to make valid comparisons.   
 
Safety 
The toxicity of fluoride is dependent on the type of fluoride compound ingested. The more 
soluble inorganic fluorides (e.g. sodium fluoride) are more toxic than the less soluble (e.g. 
calcium fluoride). The lethal dose of sodium fluoride for an average adult has been estimated 
to be between 5 and 10 grams (32-64 mg fluoride/kg body weight) with the acute toxic dose 
(single exposure to a toxic substance) of 5 mg fluoride/kg body weight120.  Acute exposure to 
fluoride may produce effects including nausea, vomiting, abdominal pain, diarrhoea, fatigue, 
drowsiness, coma, convulsions, cardiac arrest and death121-123. 
Fluorine is a halogen and has been found to be compatible with iodine, another 
halogen; and fluorine does not potentiate the consequences of iodine deficiency in 
populations with borderline or low iodine intake, nor does fluorine have any effect on 
thyroglobulin content of the thyroid gland124,125. 
When fluoridated to the recommended levels, ingested fluoridated water, salt and 
toothpaste have no ill effects on general health. In order for an adult (80 kg.) to suffer from 
acute toxicity from water fluoridated at 1 ppm F, 400 litres of water would have to be 
consumed at one sitting. In order for an adult (80 kg.) to suffer from acute toxicity 1.6 kg. of 
salt fluoridated at 250 ppm of fluoride would have to be consumed in a short period of time.   
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For severe dental fluorosis and crippling skeletal fluorosis to occur, a daily average of 
53 grams of fluoridated salt (380 ppm F) corresponding to a daily intake of 20 mg. of fluoride 
would have to be ingested for decades. The probable toxic doses of various fluoride agents 
used in dentistry has been quantified126.  A 6–year-old child with a body weight of 20 kg. will 
encounter acute toxicity if one tube of 0.1% fluoride toothpaste is consumed in a short period 
of time.   
Since the amount of fluoride compound required for salt fluoridation is less than that 
for water fluoridation, industrial accidents and exposure to pollutants are minimised. 
A recent systematic review of water fluoridation did not find any adverse health 
effects associated with water fluoridation76.  There are no trends in cancer risk127, no 
impairment of immune function128, and no increase risk of bone fractures129 associated with a 
level of safe water fluoridation. 
With greater exposure to fluorides there has been an increase in the prevalence of 
dental fluorosis in both fluoridated and non-fluoridated communities82,130. The York Review 
of 88 studies reported the prevalence of aesthetically important fluorosis in water fluoridated 
areas to be 10% and 6% in non-fluoridated areas76.  Studies in various countries suggest that 
mild fluorosis is not a perceived esthetic problem, does not affect psychosocial well being 
and should not affect fluoride dentrifice use131-133.  Significant factors associated with enamel 
fluorosis in fluoridated areas include the age when brushing commenced, frequency of 
brushing, fluoride concentration of toothpaste, amount of toothpaste applied to brush and 
subsequently swallowed; and inappropriate fluoride supplement use134,135.  In a large study of 
Australian children, have shown that exposure to fluoridated water during the first six years 
of life was a greater risk factor for dental fluorosis than the use of fluoride toothpaste137. In 
nonfluoridated areas, the age when brushing commences135 and inappropriate fluoride 
supplementation136 are the associated risk factors.  The prevalence of fluorosis is high in 
some countries which have salt fluoridation and has been explained by the existence of 
communities exposed to both salt fluoridation and natural fluoride in water78.  Prevalence of 
dental fluorosis is low in Switzerland where salt fluoridation schemes have been in place for 
50 years and may be due to the widespread use of low fluoride toothpaste (250 ppm F) since 
its introduction in 1986138.   
In hotter climates the fluoride concentration in water has to be adjusted to 0.5- 0.7 
ppm of fluoride to reduce the risk of dental fluorosis. Costa Rica permits marketing of 
fluoridated salt only in communities with water fluoride concentrations less than 0.3 ppm F 
and in France fluoridated salt is permitted when the fluoride concentration in water is no 
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higher than 0.5 ppm F139.  Risk of acute fluoride toxicity and dental fluorosis associated with 
the use of fluoride toothpastes (1000 ppm F) can be minimised by keeping the toothpaste out 
of the reach of young children, supervision of brushing, use of a pea-sized quantity of 
fluoride toothpaste and encouraging young children to spit after brushing. Fluoride 
supplements are only recommended for use by children who are at high risk to caries and live 
in areas with water fluoride concentrations less than 0.3 ppm F140. 
 
Compliance 
When water is fluoridated, the population receiving the piped water benefit without any 
change of behaviour. In some cities non-fluoride water is made available at the water 
treatment plant for individuals who wish not to consume fluoridated water. Consumers 
drinking bottled water or using a water filtration system in their homes may receive less than 
the maximum benefits of community water fluoridation141,142.  In countries with fluoridated 
salt, consumers are offered the choice of both fluoride and non-fluoride salt and have the 
additional freedom to use little or no salt. In countries where brushing with a toothpaste is a 
normal everyday habit, education of the consumer to choose a fluoride toothpaste, to brush 
twice a day and for parents to brush their young children’s teeth or supervise their brushing, 
are all necessary in order to reap the benefits of fluoride toothpaste. Special compliance 
regimens are not required for children in the case of water or salt fluoridation. Appropriate 
use of fluoride toothpaste requires more diligence than use of either fluoride salt or water. 
 
Feasible 
All 3 fluoride approaches require adequate infrastructure, storage, quality control and 
distribution systems for the addition of fluoride to the vehicle. Water fluoridation is feasible 
if a centralised water system is available. Fluoride toothpaste is feasible when the 
manufacturing ingredients are readily available and when there is a market for fluoride 
toothpaste. Feasibility of salt fluoridation must also consider the sources of salt, grain size of 
salt, humidity, other additives; the country’s current salt supply; geographic location of salt 
plants; population’s salt consumption pattern; technology adopted by salt industry; size of salt 
plants; number of facilities required to provide fluoride salt for a particular proportion of the 
population; costs and social factors78,143.  For salt and toothpaste the infrastructure is less 
important since they can be imported. 
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Legislation 
In order to implement salt or water fluoridation programmes, local and national legislation 
may be necessary. The standards and legislation for salt fluoridation are more extensive than 
for water fluoridation and may include78: 
1. the type of fluoride and range of fluoride concentration permitted for addition to salt 
2. type of salt which may be fluoridated (table salt, use in baking and food production 
and restaurants) 
3. warnings and labelling of packaging 
4. regulations and specifications for imported salt 
5. specifications for quality control and monitoring by a institution or agency 
6. analytical method for quality control 
7. monitoring reports which need to be submitted by the salt plant 
8. safety regulations for salt plant workers  
 
The above points 1,5,6,7 and 8 are also relevant for water fluoridation. 
Special legislation is not required for the introduction of fluoride toothpaste; however, 
many countries and trade organisations have standards for toothpaste based mainly on ISO 
Standard 11609 for Toothpaste144 or on European standards. However, ISO Standard 11609 
for Toothpaste has no minimum fluoride concentration for toothpaste in order for it to be 
classified as fluoride toothpaste and it does not contain safety standards for use of fluoride 
toothpaste by young children. Since the quality of fluoride toothpaste in developing countries 
is questionable, government standards and monitoring of the quality of fluoride toothpaste is 
advisable145. 
 
Quality control 
In many countries, the chemicals used for water fluoridation: sodium fluoride, sodium 
fluorosilicate and fluorosilicic acid; chemicals used in salt fluoridation: sodium fluoride, 
potassium fluoride and potassium fluoride anhydrous; and fluorides used in toothpaste: 
sodium fluoride and sodium monofluorophosphate (SMFP) must meet the national standards 
for chemicals. Other countries depend on the producer to ‘self-monitor’ at the production 
plant or water treatment plant. In the case of salt and toothpaste fluoridation, collection of 
samples and analysis of fluoride dosage is also recommended at the point of sale. Accurate 
analysis depends on quality control personnel being trained to conduct the tests properly and 
a good monitoring system. 
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The potentiometric method with a specific fluoride electrode which is simple, 
accurate and relatively low priced is widely used for assessing fluoride in water, salt and 
toothpaste146,147.  European guidelines recommend the more expensive gas chromatographic 
method for measuring fluoride in toothpaste.  ISO Standard 11609 for Toothpaste144 has no 
recommended method for measuring free available fluoride and the described method 
measures only total fluoride. The free available fluoride in sodium fluoride toothpaste can be 
measured using the potentiometric method but for SMFP toothpaste, the MFP molecule must 
be hydrolysed to obtain free available fluoride145. Since the method of F analysis in 
toothpaste has certain inaccuracies, a 30% variation is allowed. Thus for 1000 ppm F 
toothpaste the allowed variation should be ± 300 ppm F and for 1500 ppm F toothpaste  ± 
450 ppm F.  For fluoride salt the allowed variation in the assessed concentration of fluoride is 
±10%. 
 
Monitoring and surveillance  
Epidemiological surveillance of fluoridation programmes requires regular chemical and 
biological monitoring to evaluate fluoride intake and its impact. Children at age 6, 12, and 
15-years should be examined for caries status and fluorosis at baseline and at various stages 
of the fluoridation programme. Monitoring and surveillance for salt fluoridation is more 
extensive and in addition to the above, the additional recommendations are made78: 
• monitoring of fluoride exposure by renal excretion analysis148 or fingernail 
clippings149 
• continuous monitoring of fluoride concentration in drinking water 
• monitoring and marketing of other fluoride products such as toothpaste, fluoride drops 
and tablets.  
• monitoring of fluoride concentration in salt at the plant, distribution network, 
warehouses, and points of sale 
• monitoring the sale and distribution of fluoride and non-fluoride salt 
 
For fluoridated toothpaste, monitoring of sales and distribution of fluoride and non-
fluoride toothpaste is also recommended. 
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Utilisation in high fluoride areas 
The introduction of fluoridated salt to communities where the water fluoride level is 0.5ppm 
F or more is not recommended in order to minimise the risk of fluorosis78,85.  Fluoride 
toothpaste is safe to use in populations exposed to normal or high levels of ingested fluoride 
since the additional amount of fluoride ingested through the use of fluoride toothpaste is 
minimal in comparison to the large amount ingested in normal and high fluoride areas150.  
When fluoridated toothpaste is being used on a daily basis, the caries reducing effect of water 
fluoridation diminishes considerably76. In industrialized countries where caries levels are low 
due to daily toothbrushing with fluoride toothpaste, water fluoridation plays a limited role in 
controlling caries151. It could therefore be recommended that in a community where 
everybody uses fluoride toothpaste, it may not be necessary to fluoridate the salt or water.   
 
Health promotion 
All preventive strategies require a health promotion approach to ensure their acceptance, 
implementation and effectiveness. The implementation of the fluoride strategy requires a 
multi-sectoral approach and cooperation amongst stakeholders, government and non-
government organisations, industry and politicians. Education programmes are necessary not 
only for the general public but also for health care providers, public health personnel, 
politicians, decision makers and operators in salt, water or toothpaste manufacturing plants on 
a continual basis to reinforce understanding and to attain acceptance of the fluoride strategy. 
Anti-fluoride groups have focused their attention mostly on water fluoridation and less on salt 
fluoridation and fluoride toothpaste. Probably the most acceptable fluoride strategy is fluoride 
toothpaste. The use of fluoride toothpaste twice daily promotes oral self care and the brushing 
effect can also improve periodontal health152,153.  The promotion of salt or water fluoridation 
still necessitates the promotion of brushing twice a day with fluoride toothpaste in order to 
reduce plaque and gingivitis. Moreover using fluoride toothpaste in water fluoridated areas 
results in an additional caries reducing effect of about 20%73.  
 
Acceptance 
The implementation of water and salt fluoridation usually involves public consultation.  
Opponents of water fluoridation argue against the safety of fluoridated water and on the 
grounds that water fluoridation infringes on the individual’s freedom of choice154.  Salt 
fluoridation may encounter less opposition from the public than water fluoridation since their 
may be greater freedom of choice for the consumer, when both fluoridated salt and non-
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fluoridated salt are available to the public.  Organised public opposition to fluoride toothpaste 
hardly exists since the purchase and use of the preventive product is entirely the choice of the 
individual and also viewed as an adjunct for personal hygiene. 
 
Arresting Caries Treatment (ACT) 
Even with the introduction of good community fluoride measures, many young children are 
burdened with untreated dental caries from an early age, more so in low- and middle-income 
countries than high-income countries.  Due to the limitations of a curative approach in 
managing the problem, alternative methods to manage caries at the individual and community 
level needs to be explored, such as the use of strong fluorides to arrest an existing caries 
lesion. 
 
Silver fluoride and silver diamine fluoride 
Both silver diamine fluoride{Ag(NH3)2F} and silver fluoride {AgF} are utilised to arrest 
active decay in the children’s dentition. Silver diamine fluoride (SDF), has been used to arrest 
caries since 1969155-158.  Silver diamine fluoride and silver fluoride in varying concentrations 
are currently in use in public health caries prevention and control programmes in Peru, China, 
Spain, Mexico, Japan, Brazil, Argentina, Philippines and Nepal. 
Silver fluoride (SF) was developed by Craig159 in 1978 as a simple 'paint on' 
technique to arrest dental caries in children who would not accept normal dental treatment.  
The technique uses a 40% solution of silver fluoride (SF) followed by 10% solution of 
stannous fluoride as a reducing agent. This technique has subsequently been used to prevent 
and arrest caries in Western Australia in both disadvantaged communities and the school 
dental service. The outcomes of these programmes were not subject to rigorous evaluation.  
However; evidence suggests that a positive preventive effect was achieved with the use of 
silver fluoride on decayed primary dentition and in the prevention of decay when applied 
prophylactically on sound deciduous teeth in over 400,000 children160. 
 The mode of action of silver fluoride and silver diamine fluoride is similar. Silver 
diamine fluoride reacts with hydroxyapatite over time to form calcium fluoride, silver phosphate 
and ammonium hydroxide158. This reduction reaction is almost instantaneous when a reducing 
agent such as 10% stannous fluoride or tannic acid is used right after applying the silver fluoride 
or silver diamine fluoride. Furthermore, calcium fluoride reacts with calcium and phosphate to 
form fluorapatite.  Histological assessment of extracted teeth treated with silver fluoride revealed 
no adverse pulpal response and significant remineralisation of the dentine through increased 
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odontoblastic activity161. The silver component of the silver fluoride may act in two specific 
ways: inactivation and destruction of plaque bacteria, including mutans streptococci and 
mechanical sealing of carious and sound dentinal tubules161,162. 
 
Effectiveness of ACT  
In vivo and in vitro studies have shown that SDF and SF can inhibit the progression of 
caries158,159,163,164.  A community programme in China compared the caries arresting 
effectiveness of 38% silver diamine fluoride (44,800 ppm F) applied yearly and sodium fluoride 
varnish (22600 ppmF) applied every three months on primary anterior teeth, with and without 
prior removal of caries and found that silver diamine fluoride was significantly more effective in 
arresting caries than sodium fluoride varnish after 18 months165 and 30 months166.  Removal of 
caries prior to fluoride treatment did not significantly improve the results. The Cuban study of 
Llodra et al. 167 also evaluated the effectiveness of 38% silver diamine fluoride in arresting decay 
in the deciduous dentition and found that 77% of the treated caries were inactive after 36 
months. The silver diamine fluoride intervention groups in both studies experienced 
significantly fewer new caries surfaces. 
Since the early 1900s, a number of chemical agents have been used as caries 
inhibitors, to make the enamel in the depth of the fissures more resistant to the acid attack 
from bacteria: silver nitrate168,169, nitrocellulose170 and zinc chloride171. In Japan, silver 
diamine fluoride has been used to prevent pit and fissure caries172,173. Green174 compared the 
caries inhibiting effect of silver fluoride (AgF) followed by stannous fluoride (SnF) as a 
reducing agent versus stannous fluoride (SnF) alone on newly erupted first permanent molars 
in Australian schoolchildren. Evaluation over 18 months showed that AgF/SnF was 
significantly better than application of SnF alone in preventing decay. Silver diamine fluoride 
was applied every 6 months on the occlusal surface of the first permanent molar against a 
control group who received 0.2% sodium fluoride mouthrinses every 2 weeks and found the 
preventive fraction in the intervention group to be 65%167.  
 
Disadvantages and advantages 
Concerns over dental fluorosis and accidental toxic overdose from routine use of 40% silver 
fluoride have been expressed in two Australian articles175,176 but the safe use of the therapeutic 
agent on more than 400,000 patients treated by the Western Australian Dental Service have not 
borne evidence to these suggestions177. Neither the Chinese nor the Cuban study reported any 
adverse side effects such as damage to the gingival tissues. The use of silver fluoride and silver 
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diamine fluoride leads to blackening of the decayed area but did not lead to significant patient or 
parental dissatisfaction166. The disadvantages of silver fluoride and silver diamine fluoride do 
not outweigh the advantages which include: 
• Low cost:  the technique requires only a small number of instruments and materials. A 
single drop of SF or SDF can be applied to 5 or 6 teeth by non-dental personnel. 
• Atraumatic procedure:  facilitates treatment of rampant caries in very young children, the 
handicapped and the fearful without having to resort to general anaesthesia.  Reduces the 
risk of transmission of infections. 
• Non-invasive simple technique:  primary health care workers and other non-dental 
personnel can be trained to perform the technique with minimal training time. 
• Portable and lightweight:  allows for easy access into the community. 
• Meets the treatment demands of the community:  Many parents do not wish to have their 
children’s deciduous dentition treated due to other priorities. Arresting the decay would 
reduce the need for extraction of the deciduous teeth and allow for the natural exfoliation 
of the teeth. 
 
Aim of the Study 
The Basic Package of Oral Care (BPOC) was developed to ensure that even low-income nations 
have access to preventive and treatment approaches which are effective, acceptable, feasible and 
affordable178. The essential components of the BPOC thus far includes: Oral Urgent Treatment 
(OUT), Affordable Fluoride Toothpastes (AFT), and Atraumatic Restorative Treatment (ART).  
By utilising a criteria decision making method and by weighting the criteria for the different 
community based fluoride measures, fluoride toothpaste was the strategy of choice for Nepal. 
The choice was also in accordance with the priorities set out in the BPOC approach. More 
research is required to determine whether silver fluoride or silver diamine fluoride are able to 
meet similar criteria before inclusion in the BPOC as a method for arresting the caries process.   
 
The objectives of this study are to: 
• determine the extent of untreated dental caries amongst schoolchildren in Nepal; 
• demonstrate that the adoption of a curative approach to the problem of untreated dental 
caries is unaffordable to Nepal and other low-income nations; 
• promote a whole population fluoride strategy (fluoride toothpaste) to reduce the 
incidence and prevalence of dental caries in Nepal; 
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• evaluate the health promotion outcomes, intermediate health outcomes, the health 
outcomes and the efficiency of promoting a whole population fluoride strategy; 
• assess the global affordability of fluoride toothpastes; 
• determine the longitudinal effectiveness of different arresting caries treatment 
procedures.  
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ABSTRACT 
Objective: To describe and analyse the caries experience and caries prevalence in the 
deciduous dentition of 5-6-year-old schoolchildren and in the permanent dentition of 12-13-
year-old schoolchildren in western and central Nepal.  Design: Non-randomised cross-
sectional surveys conducted by trained and calibrated examiners.  Setting: Surveys were 
conducted in private and government rural and urban schools at 10 sites along the Terai and 
the foothills in 8 districts of western and central Nepal.  Subjects: A total of 2177 5-6-year-
old and 3323 12-13-year-old schoolchildren from urban and rural areas were examined under 
WHO Pathfinder methodology.   Outcome measures: Prevalence of caries and dental caries 
experience (dmft/DMFT).  Results: Caries prevalence and mean dmft score of 5-6-year-olds 
was 67% and 3.3 (urban 64% and 2.9; rural 78% and 4.0).  Caries prevalence and mean 
DMFT score of 12-13-year-olds was 41% and 1.1 (urban 35% and 0.9; rural 54% and 1.5).  
The d/D-component constituted almost the entire dmft/DMFT index.  Conclusion: The 
recorded prevalence of untreated dental caries in schoolchildren requires an appropriate oral 
health response based primarily on prevention and health promotion.  Foremost in this regime 
would be the promotion and use of accessible and affordable fluoridated toothpaste.  
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INTRODUCTION 
In an area one half the size of the British Isles over 23 million people live in the shadow of 
the Himalayas – the ‘Rooftop of the World’.  Hinduism is the predominant religion of Nepal 
and there are approximately 61 ethnic groups2.   More than 50% of the population are under 
the age of 18 years and 15% are under the age of five years1.  Nepal has three distinctive 
geographical regions: the Terai (plains), the hills and the mountains.  Eighty-eight percent of 
Nepal's population live and subsist on small farms in the foothills and on the Terai (plains) 
with limited access to health and educational facilities2.  The remaining 12% of the 
population live in 33 urban centres with populations over 9,000.    The per capita income is a 
paltry US$ 210 (only 3 other countries are below this level) and the average life expectancy is 
56 years3.  There is a widening income gap between those living in Kathmandu and other 
urban centres and those living in the rest of the country with the poorest people living in the 
most neglected areas in the mid and far west.  Only 15% of the population has access to 
electricity, 63% have access to safe water and 18% have access to proper sanitation4. 
In such an impoverished land when compared to infectious diseases, malnutrition, 
maternal and child mortality, oral diseases rank low in the list of priorities.  Although 240 
dentists were registered with the Nepal Medical Council in 2001, 191 of the dentists work in 
the capital city of Kathmandu (pop. 1.1 million), leaving 49 dentists to serve the remaining 21 
million.  There is no national strategic plan to promote oral health and to address the 
inequality and inaccessibility of oral health services.  With rapid urbanisation in Nepal an 
increase in the level of oral disease due to changing dietary patterns is projected5. 
Caries data on children at 12 years of age in the 1980s revealed that the level of dental 
caries is low, ranging from a mean DMFT of 0.2 to 1.16-13.  The most recent published 
epidemiological survey, which was conducted in 1994 using the WHO pathfinder 
methodology, revealed that 36% of Nepalese 12-year-olds were affected by dental caries and 
reported a mean 12-year-old DMFT of 0.914.  There is paucity of data concerning the 
deciduous caries experience of Nepalese children in the 5-6-year-old age group.  Independent 
analysis of the epidemiological data collected in the past two decades has shown a trend 
towards increasing dental caries15-16. 
The objective of this study was to describe and analyse the caries experience and 
caries prevalence in the deciduous dentition of 5-6-year-old schoolchildren and in the 
permanent dentition of 12-13-year-old schoolchildren in western and central Nepal using data 
collected from a series of non-randomised cross-sectional surveys conducted between 1999 
and 2000.  
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MATERIALS AND METHODS 
Subjects 
As part of an oral health education programme conducted at 10 sites along the Terai and the 
foothills in 8 districts of western and central Nepal two groups of schoolchildren were 
surveyed: 5-6 year-olds and 12-13 year-olds.  A total of 2177 children between 5 and 6 years 
were examined:  1651 from urban areas (821 males and 830 females) and 526 from rural 
areas (254 males and 272 females).  In the 12-13-year-old age group, a total of 3323 were 
surveyed: 2375 from urban schools (1142 males and 1233 females) and 948 from rural 
schools (468 males and 480 females).  Schools at the 10 sites were offered free oral health 
education and free dental examinations and a total of 45 urban schools (35 government 
schools and 10 private schools) and 22 rural schools (all government schools) elected to 
participate in the programme.  Permission to conduct the surveys was obtained from the 
District Education Officer of each district and from the individual head teachers.  All children 
falling roughly within the two age groups were surveyed for dental caries.  A spectrum of 
ages around 6 and 12 years was examined erring towards 7 and 13 years because of late 
eruption of teeth in Nepali children when compared to the Western norm. 
Since many children in Nepal do not know their own age and schools seldom keep 
records of the date of birth of the students all children in kindergarten, Classes 1 and 2 were 
first screened to ensure that they were dentally 5-6-year-old (lower first permanent molars 
starting to erupt or erupted but lower deciduous lateral incisors have not yet exfoliated). The 
high prevalence of malnutrition amongst children in Nepal often results in delayed eruption 
of teeth17.  Similarly, 12-13-year-olds were also screened in Classes 5, 6 and 7 to ensure that 
they had a complete, erupted permanent dentition (including their second permanent molars) 
before they were included in the study. 
 
Cinical examinations 
All examinations were carried out in the school courtyard or in a well-lit classroom.  Students 
were positioned supine on a bench or table and examined by the gloved and masked dental 
examiners under natural sunlight or with the aid of a handheld torch.  The teeth were 
examined with mouth mirrors and cotton pellets held in cotton pliers were used to dry the 
teeth and wipe away gross debris.  Clinical criteria for caries followed the WHO 
recommended guidelines18 .  Caries was only recorded if there were visible signs of 
cavitation.  A trained assistant recorded the data on a standardised form.   All instruments 
were cleaned with soap and water, disinfected in VirkonR (Rakshak PVT. Ltd.) for 10 minutes 
 51 
and then rinsed in clean water before towel drying.  Owing to financial constraints latex 
gloves were not routinely discarded after each examination but were changed periodically 
when they were contaminated with saliva. 
Three dentists and three dental therapists from the United Mission to Nepal Oral 
Health Programme, working either singly or in pairs at each examination site, performed 
clinical examinations.  They were trained and calibrated, first using blocks of extracted teeth 
followed by examination and calibration on schoolchildren under field conditions.  Since the 
survey was accomplished over a period of a year (October 1999 to November 2000), 
examiners were recalibrated prior to conducting the survey at each of the examination sites.  
Where applicable inter-examination calibration was performed at the survey site and every 
tenth child was re-examined by the same examiner to check intra-examiner reliability.  Inter-
examiner unweighted Kappa was good, ranging from 0.80 to 0.95 while intra-examiner 
unweighted Kappa ranged from 0.83 to 0.95 for both age groups. 
  
Data Analysis 
Data entry and data analysis was performed with SPSS Version 10.0.  Differences in mean 
DMFT/dmft scores were analysed using the Mann-Whitney non-parametric test for two 
independent samples with the level of statistical significance set at 0.05. 
 
RESULTS 
The survey sites and the corresponding findings describing the caries disease experience of 
the schoolchildren surveyed are illustrated in Table 1 and Table 2.  In the 5-6-year-old 
children the dental caries prevalence was 67% and the mean dmft was 3.3.  Statistically 
significant differences in dmft are observed between the sites with high dmft (Baitadi, 
Kirtipur, Hetauda, and Tansen) and sites with low dmft (Yala, Jumla, Amp Pipal).  The 
prevalence of caries for 12-13-year-olds surveyed was 41%and the mean DMFT was 1.1.  
Differences in the reported DMFT of the various sites were statistically significant.  The most 
significant difference in dmft/DMFT was noted between Baitadi and the other sites 
(p<0.001).  In both age groups the unmet treatment needs expressed as a ratio of the 
proportion of the mean decayed teeth (d or D) to the mean DMFT or dmft of the study 
population was virtually 100%.  The frequency distribution of mean dmft and mean DMFT 
for the respective age groups was non-parametric. 
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The various ethnic groups or castes and the gender are displayed with the 
corresponding dmft/DMFT in Table 3 and Table 4.  The castes are grouped hierarchically in 
descending order and the category ‘Other Ethnic Groups’ includes ethnic groups such as 
Muslim, Rajbansi, Yadav, Ahir and the ‘untouchable’.  Caries in the primary dentition was 
most prevalent in males of the Brahman or high caste in the Hindu caste system where the 
reported caries prevalence was 73% and the mean dmft was 3.8.  Females of the Newar caste 
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had the lowest caries with 54% caries prevalence and a mean dmft of 2.3 which was 
statistically significant compared to the dmfts of Brahman and Chhetri females (p<0.05).  
Significant differences in dmft was noted between the Newar caste and Brahman, Chhetri, 
Other Ethnic Groups (p<0.05).  Overall, a lower dmft was observed in females (mean dmft of 
2.9) compared to a mean dmft of 3.7 in males of the 5-6-year-old age group, and the 
difference was significant (p<0.001).  In 12-13-year-old age group Newar males had the 
lowest caries prevalence (27%) and a mean DMFT (0.6) while Chhetri females had the 
highest caries prevalence (48%) and mean DMFT (1.5). As in the younger schoolchildren the 
difference in DMFTs according to ethnic groups and gender was statistically significant. 
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A comparison of caries prevalence and caries experience between schoolchildren 
attending private schools and government schools and rural versus urban schoolchildren is 
presented in Table 5 and Table 6.  Private schools are situated mostly in urban settings.  
Overall in both age groups urban schoolchildren had lower caries prevalence and mean 
dmft/DMFT than their counterparts in rural schools.  In the 5-6-year-old category, the mean 
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dmft of children in the urban and rural setting was 3.0 and 4.1 respectively. In the 12-13-
year-old age group, the DMFT was comparatively lower, with 0.9 in the urban area and 1.1 in 
the rural area.  Analysis of the differences in dmft/DMFT in rural versus urban 
schoolchildren and children attending private schools versus those attending government 
schools demonstrated significant differences (p<0.001), excepting the DMFT between urban 
children attending private and government schools. 
 
 
 
 
 
 
 56 
 
DISCUSSION 
This study shows that untreated dental caries in 5-6-year-old schoolchildren ranks as one of 
the prevalent childhood diseases in western and central Nepal.  With a mean dmft of 3.3 and 
caries prevalence of 67%, untreated dental caries is more prevalent than malnutrition and 
Vitamin A deficiency which is reported to affect 53% and 58% of the child population 
respectively19.  In the context of absolute poverty there is a greatly increased risk of the 
development of life threatening sequelae to dental infections due to poor nutrition, chronic 
disease and the lack of availability of oral health care.  The prevalence of dental caries is well 
outside the WHO goal of 50% caries free in the 5-6 year-old age group20.   
The 12-13-year-old caries prevalence of 41% and mean DMFT of 1.1 is higher than 
the most recent published survey conducted by Milsom, Rijal and Lennon in 1994 where the 
reported prevalence was 36% and the mean DMFT was 0.9114.  A mean DMFT of 1.1 for this 
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age group is just within the upper spectrum of the WHO category of ‘very low’ caries (0.0 to 
1.1) but well within the WHO goal of no more than 3 DMFT for the year 2000.  As in the 5-6 
year old age group the DT component accounted for most of the disease experience.  The 
high proportion of dt/DT compared to ft/FT and mt/MT is due to the lack of dental services in 
some of the communities surveyed such as Baitadi, Purnabas in the far west and Jumla in the 
northwest.  However, in Tansen and Yala, where hospital dental clinics have been established 
since the mid-1980s there has been relatively little impact on the treatment needs of the 
schoolchildren.  This may be due to low felt need for treatment, low priority placed on oral 
health care in relation to other more pressing needs, or inaccessibility to affordable dental 
services. 
In deciduous teeth caries experience and prevalence is higher than in permanent teeth.  
This is uncommon in industrialised countries but more common in some developing countries 
such as Zanzibar21, Tanzania22, Madagascar23, China24-25, Sri Lanka26 and India27.  Although 
this reversal of the customary dmft/DMFT relationship has been interpreted to mean that 
caries is increasing14, it may also be the result of late brushing of the children’s deciduous 
teeth by mothers and the better ability of children after 6 years of age to independently apply 
oral self-care.  In Nepal it is not habitual for mothers to clean or brush their children’s teeth 
early.  Most Nepali mothers wait until the children reach 3 or 4 years by which time 
deciduous caries may be well established.  Maternal and child protein malnutrition, and low 
birth-weight in children may also predispose to enamel defects and increased risk of early 
childhood caries in Nepal28-30.  Studies in Guatemala31, Nigeria32, South Africa33, Peru34, 
China35 and Australia36 have shown a positive association between malnutrition and enamel 
hypoplasia.  Studies concerning the occurrence of early childhood caries in Northern 
Thailand, the Pacific atoll of Pukapuka37-39 and Tanzania40 have shown a significant 
association of early childhood caries with enamel hypoplasia.  Chronic malnutrition also 
results in reduced salivary Immunoglobulin A, impaired salivary secretion and decreased 
salivary buffering capacity41-43.   
The highly significant difference in dmft between males and females may be 
culturally determined.  Generally young males are favoured over females and are indulged 
with more sweets than the females. 
The significant differences in caries experience between the Newar caste, both male 
and female, which had the lowest dmft/DMFT may be the result of environmental and socio-
economic factors.  Out of all the ethnic groups Newars have a more traditional diet, the 
greatest life expectancy, the highest per capita income, the second highest educational 
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attainment (adult literacy ratio of 55%), and the highest Human Development Index2.  These 
determinants are strongly related to better oral health in many industrialised countries44.  
In Nepal the two most likely important factors influencing the development of dental 
caries are poverty and the lack of access to affordable fluoridated toothpaste.  Higher levels 
of dental caries in schoolchildren attending rural schools compared to the mean dmft/DMFT 
of those attending urban schools may be related to these two important determinants.  In 
terms of subsistence income, 37% of the rural population was estimated to be poor compared 
to 17% of the urban population2.  However, rapid urbanisation characterised by the change in 
diet from more traditional foods to frequent snacks high in sugar content may be evident 
amongst the higher socio-economic class in urban centres who have more disposable income 
to spend on sweets.  In Nepal only the upper and upper middle socio-economic class can 
afford to send their children to private schools and analysis of data shows a significant 
difference (p<0.001) in 5-6 year-old dmft of children attending private schools (dmft of 3.6) 
and government schools (dmft of 2.8).  For both the rich and the poor affordable and 
available fluoridated toothpaste would make for better oral health. 
Nationwide testing of more than 800 samples of groundwater from all over Nepal has 
revealed that the amount of fluoride is insufficient to be of therapeutic value45.  Therefore, 
affordable fluoridated toothpaste is the single most important strategy for keeping caries low 
in Nepal.  Since the beginning of 2000 the availability of fluoridated toothpaste made in 
Nepal to international standards has begun to take prominence.  It is estimated that the total 
annual volume of toothpaste sold was 600 tons in the year 200046.  Statistics on urban sales 
reveals that the annual volume of toothpaste was approximately 200 tons 55% of which is 
fluoridated.  Approximately 30-35% of the rural market is comprised of fluoridated 
toothpaste.  Due to the scarcity of good motor roads and a difficult geographical terrain, 
distribution of toothpaste to rural and remote areas is difficult and toothpaste has to be 
portered in adding to its cost.  In the remote economically poor district of Baitadi the wide 
availability of sticky caramelised confectionery (shakhad) and poor availability of affordable 
fluoridated toothpaste is considered to be responsible for endemic dental caries amongst the 
schoolchildren.  Inexpensive packaging and removal of taxes on fluoridated toothpaste will 
help to keep the product cost low.  Fluoridation of salt must also be considered to reach even 
the most disadvantaged communities. 
This study in central and western Nepal has shown that the prevalence of dental caries 
is highest amongst schoolchildren aged 5-6-years of age and that in both age groups studied 
dental caries remains largely untreated.  Untreated dental caries affects all ethnic groups with 
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probably the poor affected most of all.  The not-so-poor residing in rural areas and the urban 
centres are  less affected.   In the light of scarce resources priority should be given to 
effective oral health promotion and prevention of disease.  In order to address the curative 
care needs appropriately trained personnel in the community and the government Primary 
Health Care System should be made available to provide emergency care. Cost-effective 
appropriate technology such as silver diamine fluoride47,48 to arrest caries or the ART 
technique to restore teeth can most easily be employed. 
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CHAPTER 3 
 
The burden of restorative dental treatment for 
children in Third World countries 
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ABSTRACT 
Analysis of health expenditures indicates that three-quarters of the 48 low-income nations do 
not have the financial resources to fully implement an integrated strategy of health for their 
children. Of the oral conditions affecting the children of low-income countries, dental caries 
is the most prevalent oral disease of public health concern.  For 45 low-income countries the 
mean 12-year-old DMFT was determined to be 1.9. Objective: The objective of this study is 
to analyse whether developing countries have sufficient health dollars to treat existing 
diseases in general and dental caries in particular in their child population. We will assess 
the costs of treating existing and future caries by the conventional approach. Methods: 
Analysis of WHO dental databases and spreadsheet calculations of costs based upon 
population projections, prevalence and trends in patterns of caries. Findings: Even though 
the caries levels are low and most of the disease occurs on the occlusal and the 
buccal/lingual surfaces, more than 90% of the dental caries remains untreated in Third 
World countries.  Calculations reveal that to restore the permanent dentition of the child 
population of low-income nations using traditional amalgam restorative dentistry would cost 
between £1024 ($US1618) and £2224 ($US3513) per 1000 children of mixed ages from 6 to 
18 years. This exceeds the available resources for the provision of an essential public health 
care package for the children of 15 to 29 low-income countries. Conclusions: To treat caries 
with the traditional method of restorative dentistry is beyond the financial capabilities of the 
majority of low-income nations as three-quarters of these countries do not even have 
sufficient resources to finance an essential package of health care services for their children. 
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INTRODUCTION 
All systems of dental care are based upon the imperative of treating restoratively all dental 
caries cavities. Indeed equitable access to treat dental caries is a goal for most dental planners 
and most dental expenditure is on treatment. The treatment of dental caries is an expensive 
proposition for governments of both developed and developing countries and costs between 
5% and 10% of total health expenditure in some industrialised countries1,2.  In most 
developing low-income countries the prevalence of caries is about 80% and over 90% of caries 
is untreated3. The severity of caries is relatively low. For low-income nations, financial 
resources are limited and even basic health care and education are a burden for many.  Often 
the poor are faced with the hard choice of putting food on the table for the family or having 
conventional treatment to restore carious teeth. The argument by proponents of the 
conventional restorative approach is that if there is a need, the poor deserve to have high 
quality dentistry. However, when assessing people’s needs for dental care and prescribing 
dental care, the resources available for the procedures must be considered4. If resources are 
scarce and unlikely to be available in the near future, it is unethical to continue to prescribe 
treatments, which are not affordable. These problems raise dilemmas for planners of oral 
health services. For countries with low gross domestic product (GDP) and limited resources 
for health care, what is the cost of restorative dentistry to treat current levels of caries?  How 
can the needs for caries treatment of children in developing countries be met in the context of 
limited resources?  How feasible is it for most Third World low-income nations to treat 
existing levels of dental caries with current financial resources? 
The objective of this study is to analyse whether developing countries have sufficient 
health dollars to treat existing diseases in general and dental caries in particular in their child 
population. We will assess the costs of treating caries by the conventional approach. 
Before addressing the oral health needs of children in low-income countries and the 
resources required to meet those needs, it is necessary to keep oral health problems in 
perspective by first investigating the general health of the child population of low-income 
countries.  Therefore, we will broadly describe the health and diseases of the child population 
of developing nations, and then examine an integrated strategy for the provision of basic 
health care and the cost of implementing such a strategy. 
 
Diseases of the Child Population in Developing Countries 
Despite great advances this half-century, one in five children in Developing Countries do not 
live to experience their fifth birthday5.  The absolute number of malnourished children is 
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growing worldwide.  Half of South Asia’s children are malnourished and in Africa, one in 
three children is underweight6, rendering many chronically vulnerable to illness and 
intellectual disability. Ten disease conditions caused 71% of the 660 million disability 
adjusted life years (DALYs) lost in children under 15 years old in 19907.  Because children 
become ill from several conditions, the WHO integrated the health facilities and the tasks of 
health care workers to prevent and treat illness caused by the five major conditions8 and the 
World Bank designed an essential national package of health services to enable developing 
countries to help resolve health problems7,9,10 . Packaging the interventions takes into account 
the common risk factor approach11 and makes the integrated management of the major 
childhood diseases more cost-effective, because clusters of diseases can often be treated 
together sharing the same treatment protocols, the same drugs and the same services. 
Cost of an Integrated Health Strategy 
The cost of a minimum package of preventative and health service cost-effective interventions 
in low-income countries directed at the ten disease conditions was calculated to be US$12 per 
person and US$7 (US$ 7000 per 1000 children) for children per year for low-income nations7. 
The public health component of the essential package (school health programmes, expanded 
immunisation, micronutrient supplementation, and essential public health interventions) would 
cost US$4000 per 1000 children. Properly delivered, the essential package of health care 
would eliminate 21% to 38% of the burden of mortality and disability in children under 15 
years in developing countries. 
  Low-income countries are not only burdened with disease and disability, but are also 
handicapped by limited resources to provide health services. They have enormous debt 
repayment and structural adjustment. Although the purpose of structural adjustments was to 
achieve an environment for sustainable growth, the effects of the austerity measures resulted in 
budget cuts for health, education and food subsidies which was detrimental for many low 
income countries.  Privatisation of hospitals, health centres and the introduction of user fees 
also made health care a luxury item for the poor.  Due to economic difficulties, some African 
nations have virtually ceased to invest in health and the proportion of the Gross National 
Product allocated to health has been cut or has not increased12. 
  With pressure on governments to control costs of health services, the private sector is 
playing an important role in the delivery of services.  Recent studies show that more than 40% 
of the health care in developing countries is financed privately, through non-government 
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organisations (NGO), international non-government organisations (INGO), charities, insurance 
and household payments9,12,13,14.   
  Analysing data from 12 developing countries, Gaag and Barham12 determined that the 
poor spend a greater proportion of their per capita household expenditure than the rich on 
health care. This leaves the poor with less to spend on other necessities such as food, water, 
sanitation and education, which have a great impact on health.   
 
Expenditures on Health 
Health expenditure as all expenditures incurred by preventive and curative health services for 
individuals, and on population-based public health programmes with a direct impact on health 
status (e.g., family planning programmes, nutrition programmes, and health education)13,15.  
Excluded were relief and food programmes, and environmental programmes related to water 
and sanitation.  Public expenditure was defined as government and parastatal (health 
components of social security and social insurance programmes) spending on health, while 
private sector health expenditure referred to spending by all non-governmental organisations, 
individuals, households, private organisations and non-profit organisations. Total health 
expenditure included spending by both public and private sector spending and external 
assistance. The total health expenditure and the public health expenditure over a 5 year period, 
1990-1995, for children age 0-14 years in low-income countries was calculated13,15,16. The 
total health expenditure per 1000 children was lowest in Ethiopia, $3449; Sierra Leone, $4660; 
and Mozambique, $4889.  The highest levels were between $30,000 and $38,779 in countries 
like Honduras, Cameroon, Armenia, Zimbabwe and Nicaragua. Expenditure on public health 
in those countries was also pitifully low during the period 1990-1995.  At the lower end of the 
scale were Tanzania and Uganda with $795 and $1256 per 1000 children while Sri Lanka and 
Nicaragua spent $19,536 and $22,095 per 1000 children respectively.  
Based on the total health expenditure, all 48 low-income countries except for 6 African 
countries (Ethiopia, Sierra Leone, Mozambique, Madagascar, Tanzania, Burundi) and one 
Asian country, Vietnam, would be able to fully provide an essential package of health services 
(US$7.00 per child or US$7000 per 1000 children) for children age 0-14 years. All could 
afford the public health component of the essential package costing $US4000 per 1000 
children. These findings are corroborated by the statistics of New Internationalist17 which lists 
the bottom five countries on health expenditure as Mozambique (US$5/capita), Lao 
Democratic Republic (US$5/capita), Tanzania (US$4/capita), Sierra Leone (US$4/capita) and 
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Vietnam (US$3/capita).  Is the picture as rosy as it seems?  Can governments of low-income 
countries truly provide for the essential health of its children? 
  
Public Expenditure on Health 
Based on government health expenditure (public expenditure) only, 30 countries would not be 
able to provide an essential health care package for its children without financial aid and 
without placing additional burdens on its people.  The governments of Tanzania and Sierra 
Leone would only be able to fund the expanded immunisation programme plus a school health 
programme or chemotherapy against tuberculosis for children age 0-14, while other nations 
faced with the same circumstances would similarly have to choose where to place their 
available finances to gain the greatest health outcome. The governments of India, Ghana, 
Mauritania, Togo, Haiti, Kenya and Guinea-Bissau could at least afford the public health 
component of the essential package.  
However, the full extent of governmental health resources is not fully devoted to the 
priority of an essential health package for its children. Studies conducted by the World Bank in 
conjunction with six Pacific countries, showed that the percentage of government health 
expenditure devoted to hospital based curative services ranged from 48 to 67%, and curative 
health care as a percentage of public health expenditure, ranged from 80 to 89%18.  In Nepal 
more than 40% of the government health sector expenditure in 1994/95 was allocated to the 
maintenance of hospitals and curative care19.  World Bank10 also reported that recurrent 
hospital and curative budgets absorb 40-80% of public spending on health in developing 
countries.  In the mid-1980s, nearly 80% of Brazils’ public spending on health was devoted to 
high-cost hospitals located in urban areas and the affluent southern part of the country 20. 
Even the small amount of external aid for assistance to finance health programmes is 
inappropriately allocated. If the governments of the 48 low-income nations only expended a 
conservative 40% of their budget on hospital and curative services, 75% of the countries 
would still have difficulty in providing for the health needs of its children.  Only 12 of 48 
countries would be able to afford essential package of health services for its children3.  It 
appears that 75% of 48 low-income countries are unable to provide US$7 per child for a 
minimum package of public health interventions and 8 low-income nations spend US$1 or less 
per child for such essential health care. 
Mortality and morbidity amongst children of developing countries is unacceptably high 
and the resources commissioned to tackle the determinants of health and disease are scarce or 
inappropriately or disproportionately allocated in favour of curative services, and the poor 
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have had to pay more for services. It has prompted one official to say: “The main threat to 
children’s rights… is not violations and abuse of human rights, but lack of effective primary 
health care systems backed up with adequate resources to ensure child survival and 
development.”21.  Against this background, what is the dental caries burden and what 
resources are required to treat caries, which ranks low on the list of health priorities? 
 
METHODS 
Estimating the Dental Caries Burden in Developing Countries 
The WHO Global Oral Data Bank22 has information on the prevalence of caries in many 
countries.  However, Fejerskov and colleagues23,24 warn that caution must be exercised in 
interpreting the data due to paucity of information concerning the study populations and few 
studies have been designed for national estimates and there are differences in diagnostic 
criteria employed. Therefore the data presented must be viewed with these limitations in mind. 
Accessing data from the WHO Global Oral Data Bank22 through the Internet, the 12-year-old 
DMFT is compiled and calculated for low-income countries, middle-income countries and 
high-income countries.  The mean 12-year-old DMFT for the 45 low-income nations is 1.9. 
For middle and high-income countries the DMFT was 3.3 and 2.1 respectively (Table 1). 
 
         
 
The WHO Global Oral Data Bank contains very little information concerning the dmft 
for children, and the unmet caries treatment needs of children in the developing world.  
However, a review of the dental literature over the last ten years, where the D(d) component of 
DMFT (dmft) was reported, has yielded substantial information, which was compiled. The 
information is summarised and presented in Tables 2 and 3. The unmet treatment needs is 
expressed as ratio of the proportion of the mean decayed teeth (D or d) of the population to the 
mean DMFT (dmft) of the population, and is presented as the percentage of untreated caries. 
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For low-income African and Asian nations, the percentage of untreated caries approximates 
95% in the caries in the primary dentition and 89% in the permanent dentition. The untreated 
caries far exceeds the treatment requirements of children living in high-income countries 
  
  
 
 
 
Based on the 12-year-old DMFT, WHO provides a scale for categorising the severity 
of caries: a DMFT between 0.0 and 1.1 is considered to be very low, 2.8 to 4.4 is moderate, 
and a figure of 6.6 or more is considered to be high22.  For most low-income nations the level 
of severity is low to very low.  Although epidemiological data on caries of children in 
developing countries is scarce, knowledge of the life history and patterns of caries can be 
utilised to give a more detailed epidemiological picture and to divulge more specific 
information useful for planning cost effective public health interventions. 
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Prediction of Future Caries   
The best predictor of caries at a future age is past caries experience25.  For a given level of 
caries experience (DMFT) for a specific age, the future level of caries for the age cohort can 
be predicted from trend lines at 6, 12, 15 and 18 years (Fig.1), if there is no effective 
intervention26.  There is also a relationship between various tooth surfaces and the total mean 
DFS (surface DFS/total DFS), which could be expressed as a curvilinear mathematical 
formula for each of the carious surfaces27.  Using the 12-year-old DMFTs reported in the 
WHO Global Oral Data Bank22, the DMFS, DFS by surface and the prevalence was estimated 
for each low-income nation by applying the appropriate formulas.  From the mean DMFT of 
1.9 for the 12-year-olds of 45 low-income nations, the DFS by site can be estimated from the 
calculated total DMFS (3.0), which is 2.1 on the occlusal surface, 1.2 on the buccal/lingual 
surface, and 0.1 on the proximal surface (Table 4). Proximal DFS as a percentage of total 
DMFS was only estimated to be 2.2%, which indicates that the overwhelming majority of the 
caries are on the occlusal and buccal and lingual surfaces, requiring single surface restorations. 
The corresponding DMFT for this 12-year-old cohort up to age 18 years can be predicted 
prospectively and to age 6 years retrospectively from trend curves of standardised DMFT by 
age (Fig.1).  If no preventive intervention is available, at age 18, the DMFT for the cohort 
would rise to 6.0, total DMFS to 9.5, occlusal DFS to 6.5, buccal/lingual DFS to 3.7, proximal 
DFS to 0.3. 
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FINDINGS 
Estimation of Traditional Restorative Dental Treatment Costs 
From the epidemiological information and appraisals, demographic information on the child 
population, and from some basic assumptions, the financial burden of treating existing and 
future caries in the permanent dentition can be estimated.  From a given level of DMFT for 12-
year-olds, the retrospective and prospective DMFT for the cohort and the distribution of caries 
by site for each age level can be estimated based on the caries epidemiological principles 
delineated in the previous section of this thesis.  The number of restorations per thousand 
children, both single surface and two or three surface fillings, can therefore be calculated 
based on the formula: 
Number of fillings = (annual caries increment + no. of teeth to be refilled) x 1000 where:   
• annual caries increment = current year's DMFT minus previous year's DMFT  
• number of teeth to be refilled = previous year's DMFT x % failure rate of the 
restorations. 
From the knowledge of the relationship between DMFT and total DMFS, and site specific 
DFS to total DMFS, the number of multi-surface restorations and one surface restorations can 
be estimated, as well as the cost for treating the carious teeth for 1000 children, presently and 
in the future. The following assumptions are made in the computations: some restorations will 
fail; primary dentition is ignored; no teeth are extracted (DMFT = DFT); intensity of caries 
attack is similar in all age groups (6-18 years of age); number of children is evenly distributed 
between the ages of 6-18 years of age. 
 The following input variables were used to estimate the caries treatment costs: The 
mean 12-year-old DMFT for the 45 low-income nations will be used as the starting point to 
estimate the DMFT, proximal and one surface DMFS (Table 4), and annual caries increment 
for the 12-year-old cohort from 6 years to 18. The failure or survival rate of restorations is 
usually reported as the number of years when 50% of restorations placed will fail or survive. 
Some estimated cumulative failure rates for amalgam restorations are: 11.5 years28, 10 years29, 
9 years30, 7.5 years31 and 4.7 years32.  Walls et al.33 reported a failure rate of 70% in 5 years 
for in 6-year-olds. The longevity and cost-effectiveness of a restoration is determined by the 
type of material used, age of the patient, size and location of the restoration, operator skills and 
diagnostic criteria, remuneration system and patient factors34.  Also, amalgams placed in 
permanent teeth of children have a shorter lifespan than of those placed in adults30,35.  In this 
analysis, estimates of the treatment costs will be calculated using failure rates of 7, 10 and 15 
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percent.  As one surface amalgams fail, and are refilled, the cavities become increasingly 
larger36, leading to multiple surface restorations.  The estimations will take this element into 
consideration by factoring in 10% of the previous year's one surface restorations into the 
calculation of the number of two/three surface restorations. 
 
 
 
The cost of restorations varies from country to country, and also within countries. 
Reliable information is lacking.  Therefore, in the computations, the recent United Kingdom 
National Health Service fees of £6.35 ($US10.03) for a single surface amalgam and £9.40 
($US14.85) for two or more surfaces will be applied37. 
Based on the above parameters, the cost of treating caries in the 12-year-old cohort of 
low-income nations from age 6 to 18 years applying an amalgam failure rate of 7, 10 and 15% 
is presented in Table 5.  The cost of traditional treatment for 1000 children of any age level of 
the 12-year-old cohort as well as the cost of treating 1000 children of mixed age group (total 
cost of treating 1000 children from each age group divided by 13 age groups) is summarised in 
Table 6. Based on a conservative annualised failure rate for amalgam of 7%, the calculated 
cost of £1024 ($US1618) to treat 1000 children of mixed ages, from 6 to 18 years, exceeds the 
estimated available public health expenditures for the children of 15 low-income countries.  If 
the amalgam failure rate of 10% and 15% is applied, the cost per 1000 children is £1461 
($US2309) and £2224 ($US3513), which would then exceed the available public health 
expenditures of 23 and 29 low-income nations, respectively.   
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A = age   B = mean DMFT   C = % two or three surface restorations  D = % one surface 
restorations 
E = annual caries increment = current DMFT - previous year's DMFT 
F = total no. restorations per 1000 children = (annual increment  + (previous year's DMFT * 
% failure rate)) * 100 
Formula = E(n)  + B(n-1) * X * 1000, where X = 7% or 10% or 15% 
G = no.of one surface restorations per 1000      Formula = D * F/100 
H = no.of two surface or three surface restorations per 1000    = 10% previous year's one 
surface restorations + (% two or three surface rest. per 1000)/100      
Formula = 0.1 * G(n-1) + (C * F)/100 
I = total cost (£) of restoration per 1000 children   Formula = G * 6.35 + H * 9.40 
J = total cost (US$) of restorations per 1000 children   
Formula = I * 1.58, where £1 = $US1.58 
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The total financial burden of traditional restorative treatment for the children age 6 to 
14 of 45 low-income nations can be estimated.  Using population statistics from World 
Resources15, the child population for this age group is estimated to be 1018.223 million. This 
age range was chosen because of the difficulty in estimating the population of children from 6 
to 18 years. Applying a failure rate of 7%, the cost of traditional restorative treatment for this 
mixed age group is calculated to be £528 ($US846) for 1000 children. The resultant 
appraisement of over £537 million ($US849 million) is a very large expense for caries 
treatment of the permanent dentition. 
  The financial burden of restorative treatment can be appraised for each low-income 
nation utilising the country's specific 12-year-old DMFT, and the same input variables and 
assumptions as outlined previously.  For example, utilising a mean 12-year-old DMFT of 0.9 
for the country of Nepal, the trend data for the 12-year-old cohort from age 6 to 14 years, the 
cost of traditional restorative treatment with the amalgam failure rate set at 7% per year was 
calculated.  For 1000 children of mixed age group, 6 to 14 years, the cost of traditional 
restorative dental treatment approximates £288 ($US456).  The estimated population of 
children for this age group is 9.43 million. Therefore, the total cost of restorative treatment for 
this population of children would be £2.72 million ($US4.3 million).   
The use of £6.35 ($US10.03) for a single surface amalgam and £9.40 ($US14.85) for 
two or more surfaces is an underestimation rather than an overestimation of the cost of 
restorative treatment for the majority of people of low-income countries.  Since many 
governments of low-income countries lack the financial resources to provide the essential 
package of preventive health care, private households have been burdened with the cost for 
general health and dental treatment9,12,13,14.   Bratthall and Barmes38 reported that in a 
provincial hospital in a district of Zimbabwe, 48 kilometres from Harare, a simple filling 
would cost the equivalent of US$2.50.  For the same amount of money, 1 to 2 kilograms of 
meat could be obtained or two tubes of toothpaste.  The patient would have to pay four to five 
times the amount at a private clinic. In Nepal the fee for a simple amalgam restoration is 
approximately US$4. This does include the many additional costs for rural families who may 
have to travel by bus or walk for a day or two to gain access to the nearest dental facility.  Not 
including lost wages incurred by the parent, the total expenses (dental fees, return bus fare, 
meals and lodging) for a child requiring a single surface restoration may amount to US$12. 
This may not seem like very much, but for an average Nepali earning less than US$0.75 a day, 
it is enough money for food for a month.  When faced with the harsh realities of putting food 
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on the table or enduring the suffering of a child's toothache or having conventional treatment 
to restore carious teeth, often the poor do not have a choice. 
  
SUMMARY 
A combination of ten conditions caused the deaths of more than 7.5 million children in 1995 in 
developing countries. Malnutrition and micronutrient deficiencies are also implicated as 
determinants of paediatric oral conditions of low-income nations.  An integrated strategy to 
deliver a minimum package of preventive health services directed at these disease conditions 
would cost an estimated $US7000 per 1000 children.   However, because of the scarcity of 
resources, more than three-quarters of the 48 low-income countries are unable to provide for 
such a basic package of healthcare. 
The most prevalent oral disease of public health concern in low-income countries is 
dental caries.  Epidemiological information and analysis reveals that the severity of caries is 
low for the permanent dentition of children of Third World countries (mean 12-year-old 
DMFT = 1.9) and the normative treatment needs for caries is high for both permanent (% 
untreated caries > 87%) and primary dentition (% untreated caries > 94%).  The pattern and 
severity of disease is mostly limited to the occlusal and buccal/lingual surfaces of the 
permanent dentition. Even though caries is a low priority due to relatively low mortality and 
morbidity compared to other childhood diseases39, the cost of traditional restorative treatment 
is disproportionately expensive in relation to its priority.      
Current analysis indicates that treatment by traditional restorative dentistry for the 
permanent dentition would cost between £1024 ($US1618) and £2224 ($US3513) per 1000 
children of mixed ages from 6 to 18 years. This exceeds the available resources for the 
provision of an essential public health care package for the children of 15 to 29 low-income 
countries. 
 
CONCLUSIONS 
Millions of children in low-income countries die each year from diseases and conditions, 
which are preventable through such measures as better nutrition, safe water and immunisation. 
An integrated strategy employing the common factor approach would be invaluable in 
stemming the tide of death and disease among children of low-income countries. To provide 
for an integrated strategy to deliver a minimum package of health care services, would cost the 
governments of developing nations  $US7 per child. Three-quarters of the low-income nations 
do not have sufficient resources to finance an essential package of health care services for the 
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children of their countries, due primarily to enormous debt repayment and structural 
adjustment, and vast expenditures on hospital and curative services. Although the level of 
dental caries in low-income nations is categorised as low (mean 12-year-old DMFT = 1.9), 
requiring mostly single surface restorations, approximately 90% of the caries remain untreated 
in both the primary and permanent dentition. Analysis utilising some epidemiological 
disciplines has demonstrated that to treat dental caries by traditional amalgam restorative 
dentistry in the permanent dentition of the child population would cost between £1024 
($US1618) and £2224 ($US3513) for 1000 children of mixed ages from 6 to 18 years. This 
requires financial resources beyond the capabilities of low-income nations. Even though caries 
is a low priority in relation to other childhood diseases, untreated caries in an age specific 
cohort will cost more to treat in the future 
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ABSTRACT 
 
Aims: This paper describes a recent health promotion project undertaken by the United 
Mission to Nepal Oral Health Programme (UMN OHP) to increase the availability and 
consumption of affordable, fluoridated toothpaste in Nepal. Method: The process of 
advocating for the fluoridation of toothpastes in Nepal is based on Tearfund’s advocacy 
cycle.   Results: The project achieved health promotion outcomes including healthy 
corporate and public policies and organisational practice and intermediate outcomes such as 
increased availability and consumption of affordable fluoridated toothpaste.  Prior to 
implementation of the advocacy project in 1997 availability and consumption of fluoridated 
toothpaste was negligible.  By March, 2002 total market share of fluoridated toothpaste was 
approximately 90%. This represents an annual tonnage of 900 tons of fluoridated toothpaste. 
Conclusions: The health promotion activity of advocacy for the fluoridation of toothpastes in 
Nepal achieved measurable gains in health promotion outcomes and intermediate outcomes.  
Gains in health and social outcomes will take longer to evaluate but based on epidemiological 
evidence and the experience of other countries increased availability of affordable fluoridated 
toothpaste will have a significant and ongoing impact on the oral health of the people of 
Nepal. 
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INTRODUCTION 
 
This paper describes the process, outcomes and lessons learned from a recent health 
promotion project undertaken by the United Mission to Nepal Oral Health Programme (UMN 
OHP). The project undertaken between March 1997 and March 2002 was to advocate for the 
increased availability and consumption of affordable fluoridated toothpaste in Nepal.  
 Health promotion has been defined as ‘the process of enabling people to increase 
control over and to improve their health’1. Health promotion recognises the importance of 
socio-economic determinants of health and stands in contrast to the dominant biomedical 
approach to health care (disease care) with its focus on the biological determinants of an 
individual’s disease status.  
 The Ottawa Charter for Health Promotion2 identified five key activities central to 
health promotion: The creation of supportive environments, building healthy public policy, 
strengthening community action, developing personal skills and reorienting health services.  
Of these activities the formation of healthy public policy in order to create an environment 
supportive of communities maintaining their health (making ‘healthy choices the easy 
choices’3 ) has been postulated as the most important strategy of health promotion4,5.  
Improved health has resulted not only from the development of healthy public policy but also 
from the development of healthy private corporate policy6,7.   The development of healthy 
public and corporate policies within sectors of society such as education, food manufacturing, 
government, water supply institutions and toothpaste manufacturers have a profound effect in 
improving the health of whole communities8.   
 Brushing twice a day with fluoridated toothpaste is a foundational oral health 
practice9,10.   However, the opportunity to brush twice a day with fluoridated toothpaste is 
highly dependent on corporate and public policies which determine the availability and 
affordability of fluoridated toothpaste.  Thus, “policy sets the options for choices that 
individuals can make.”11 
 Nutbeam4,5 has proposed that advocacy is the health promotion activity which has the 
greatest potential to build healthy public policy.  Advocacy means ‘The act of pleading or 
arguing in favour of something, such as a cause, idea, or policy and active support’12.  An 
advocate is someone who speaks, negotiates or acts on behalf of others.  
 Advocacy for health promotion is defined as ‘action taken on behalf of individuals 
and/or communities to overcome structural barriers to the achievement of health’5.   In the 
context of oral health, advocacy may be defined as ‘action taken on behalf of individuals 
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and/or communities to address the causes of poor oral health or to promote oral health by 
influencing the decisions of government, companies, groups and individuals whose policies 
or actions affect the oral health of the people’.  Policy makers have the power to exercise 
their authority through the issuance of directives and/or through their power to have the 
directives implemented.  Hence, advocacy for oral health is action undertaken by individuals 
or groups to influence policy makers to develop and/or ensure the implementation of policies 
to improve the oral health of whole communities.   
 Schou and Locker have proposed that health professionals can use four distinct forms 
of power to influence policy makers and policy: authoritative, expertise, coercive or 
influence.13.   With authoritative power, policy makers may be forced to change health 
damaging policies or to institute health protective policies through legislation.  Coercive 
power uses threat including the withholding of rewards to influence policy makers.  
International Non-government Organisations (INGOs) may use financial aid as a form of 
coercive power to gain changes in the internal policies of low income countries.  Health 
professionals, through their knowledge, possess the power of expertise.  Knowledge can be 
used by health experts to educate and influence decision makers.  The power of ‘influence’ 
relies on the use of persuasion; passionate and/or logical arguments or offers of rewards to 
influence policy makers.   Advocacy activities include: Lobbying, campaigning, media 
work, education and presentation of proposals to policy makers to influence the decisions 
which have an impact on health.   
 Even though the potential impact of advocacy is significant, Sprod et al.14 have 
acknowledged that evaluative literature on advocacy as a health promotion activity is sparse.  
Their extensive systematic review of the literature on the effectiveness of oral health 
promotion and a non-systematic review of published studies by Schou and Locker15 identified 
only a single study; which described a successful fluoridation advocacy campaign in Phoenix, 
USA16. A more recent review of evidence-based oral health promotion17 concluded that 
advocacy is ‘likely to be beneficial’ classified under the category of Type V evidence (expert 
opinion; influential reports and studies).   
 The most prevalent oral disease of public health concern in low-income countries is 
untreated dental caries.  The governments of many developing countries are unable to provide 
even an essential package of health care to all of their people, let alone curative treatment for 
dental caries. Moreover, the cost of restorative treatment is disproportionately expensive in 
relation to other priorities faced by the people of developing countries18.     
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 The production of more dentists is not an adequate solution to the problem of dental 
caries.  Graduating more dentists has negligible impact on the inequitable distribution of oral 
health care services.  For example, India is producing 7000 dentists per annum and has a 
dentist: population ratio of 1:30,000.  However 80% of the dentists provide health care 
services for 30% of the population who reside in urban areas and 20% of the dentists provide 
health care services for the 70% of the population in rural areas19.  Rather than utilise limited 
resources “downstream” to try and treat away disease, the selection of  “upstream” strategies 
to address the root causes of disease has more sustainable long term impact and this impact 
affects a greater percentage of the community.   
 This is particularly applicable to Nepal, the fourth poorest nation, with an annual per 
capita income of US$210 and 42% of the population living below the poverty line20.  The 
priority threat to health is poverty. This is expressed in the high prevalence of infectious 
diseases, malnutrition, and high maternal and child mortality. The ability of the people and of 
the government to pay for health services is limited.  The average annual per capita spending 
on health in 1999/200 was reported to be US$3 by the Secretary of the Ministry of Health, 
His Majesty’s Government (HMG) Nepal (Kathmandu Post, 1999).  
 With only 240 dentists Nepal has neither the human nor the financial resources to 
meet the oral health care needs of its 23 million people using the biomedical approach of 
conventional dentistry alone.  Due to increased sugar consumption the 12-year-old DMFT in 
Nepal is doubling every 10 years21,22.   There is a very high incidence of untreated caries in 
Nepal which is rising23,24.  The context of addressing this problem is that of absolute poverty.   
 Fluorides have been proven to be effective in controlling caries25.  One of the most 
cost-effective and equitable methods of preventing dental caries is the fluoridation of the 
public water supply26.  Fluoridation of the public water systems in Nepal is not feasible 
because of the poor infrastructure.  Milk fluoridation is not appropriate as only a small 
minority consume packaged milk. The fluoridation of salt in Nepal was investigated earlier in 
the decade but no progress was made in this area because of the various forms of salt 
consumed in Nepal, poor infrastructure and quality control, and problems with distribution of 
salt27.  Nepal is currently re-examining the appropriateness of salt fluoridation.  Toothpaste is 
the most widely used vehicle for fluoride in the world25 and most experts agree that the 
decline in caries in the past 25 years in many developed countries in spite of the high levels 
of sugar consumption is due to the widespread use of fluoridated toothpaste28,29.  This 
demonstrates the importance of this method of fluoride delivery as a way of reducing dental 
caries on a national scale.   
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 However, the market share of fluoridated toothpaste and the volume of fluoridated 
toothpastes in Nepal in 1997 were negligible.  The availability of fluoridated toothpastes were 
limited to relatively expensive imported brands which were only accessible to wealthy 
consumers in Kathmandu.  In response to its awareness of the difficulty in accessing 
fluoridated toothpastes in Nepal, UMN OHP proposed increasing the availability and 
consumption of fluoridated toothpastes as an appropriate oral health promotion strategy in 
Nepal. 
 
METHOD 
 
The Advocacy Cycle 
 The project’s process of advocacy for increased availability and consumption of 
affordable toothpaste in Nepal is based on the advocacy cycle of Tearfund³º.  The advocacy 
cycle was modified to meet the situation in Nepal (Figure 1).  It is similar to the planning 
cycle and is divided into stages which are overlapping.  Prior to beginning the advocacy cycle 
it is necessary to complete a broad situational analysis of the context for oral health project 
planning.  The basic advocacy procedure is summarised: 
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Step 1 Project Proposal: The advocacy project is proposed in response to an identified 
priority issue of concern by the advocates. 
Step 2 Project Situational Analysis: A focused situational analysis is undertaken to confirm 
the appropriateness of the proposed project. This will include identifying potential steps in 
implementation and potential barriers and resources for project implementation.   
Step 3 Project Planning: Once a decision is made to engage in the advocacy project, a 
project plan is formulated which will include objectives, implementation activities, 
budgeting, timings, outcomes and evaluation protocol.  
Step 4 Project Implementation: Implementation proceeds according to the activities 
identified in the action plan. 
Step 5 Project Evaluation: Evaluation includes monitoring project activities and outcomes 
in order to determine the value of the project, what further action is appropriate and how 
advocacy can be improved. 
 
 
The Advocacy Cycle of the UMN OHP Toothpaste Fluoridation Project. 
  
 
1. Project Proposal  
Advocate for the increased availability and consumption of fluoridated toothpaste in Nepal. 
 
2. Focused Situational Analysis 
The focused situational analysis seeks to confirm the appropriateness of the project proposal. 
Market analysis  
 Market analysis of toothpastes revealed that virtually all toothpastes manufactured in 
Nepal were unfluoridated. Those that were fluoridated were tested by UMN OHP and were 
found to have variable, non-therapeutic concentrations.  Imported fluoridated toothpastes 
were available mostly in Kathmandu and were more expensive than non-fluoridated brands. 
This limited healthier choices to the wealthy who live in Kathmandu (Table 1).  
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Oral health promotion workshop  
In April, 1995; a two day dental public health workshop was organised by UMN OHP 
to facilitate consultation on appropriate oral health promotion strategies to address the 
increasing incidence of oral diseases.  Attending dentists gave a low priority to the activity: 
‘Always recommend a fluoride toothpaste and have it available to your patients at a 
reasonable price’. Subsequent discussions suggested several reasons for this low ranking. 
Many dentists had received their training in India where there is frequently excessive natural 
fluoride in many water supplies.  Nepali dentists believed that the same situation prevailed in 
Nepal.  
 
Fluoride analysis of drinking water 
 In order to confirm the appropriateness of fluoridated toothpaste in Nepal evidence of 
naturally occurring fluoride levels was needed.   In a small study, analysis of six water 
samples in Eastern Nepal demonstrated low fluoride levels in the range 0.11 to 0.36 mg/L31.   
UMN OHP subsequently conducted fluoride analysis of 50 drinking water samples from 
various parts of Nepal in a pilot study over a 6-week period in 199732.  A further 632 samples 
of drinking water were then collected voluntarily by 41 organisations and individuals 
trekking for work or for leisure from 1997 to 200033.  The water samples were collected in 
35mm photographic film containers and analysed using a calibrated Orion Research 
Expandable Ion Analyser EA 920 under standardised conditions. The results showed that 
95% of the samples had fluoride levels below 0.3mg/l and more than 70% of the sites 
registered less than 0.1mg/l.  Only 5 samples of drinkable water had therapeutic levels of 
fluoride (above 0.7mg/l) with the highest recorded level of 1.07mg/l. 
 
Taxation of toothpaste 
Information concerning the taxation of toothpaste was gathered from local 
manufacturers (Table 2).  This suggested that reduction of taxation was a possible means of 
increasing the affordability and hence consumption of fluoridated toothpastes. 
 The situational analysis confirmed that increasing the availability of affordable 
fluoridated toothpaste was an appropriate oral health promotion strategy to reduce the 
incidence of dental caries within Nepal.  
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3. Project Planning 
3.1 Project aim and goals 
UMN OHP developed the plan for an advocacy project aimed to increase the availability and 
consumption of affordable fluoridated toothpastes in Nepal with the following goals.   
 
Project Aim:  Increase the consumption of affordable, fluoridated toothpastes in Nepal. 
Expected Outcome: Increased consumption of affordable, fluoridated toothpastes in Nepal 
leading to reduction of incidence of dental caries in Nepal.  
 
SubGoal 1:  Achieve the fluoridation of toothpastes manufactured in Nepal. Strategy: 
Advocacy targeting local manufacturers of toothpaste.  
Activities: Presentation of the evidence for the need for fluoridated toothpaste to companies 
through an information kit containing the rationale for the fluoridation of toothpastes in 
Nepal including: 
• the safety of fluorides;  
• the results of the fluoride analysis of drinking water in Nepal;  
• the community health benefits of toothpaste fluoridation; and  
• how manufacturers may benefit from the fluoridation of toothpastes.  
Expected Outcome: Increased production and availability of fluoridated toothpastes.  
 
SubGoal 2: Increase the consumption of fluoridated toothpastes  
Strategy: The development of an environment supportive of consumers’ decisions to 
purchase and use fluoridated toothpastes. 
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Activities: The recommendation to the Government to make fluoridated toothpaste more 
affordable by reducing the taxation of fluoridated toothpastes.  
The development with local manufacturers of marketing to increase the consumption of 
fluoridated toothpastes. 
The co-development with the Nepal Dental Association of its ‘Seal of Approval’ for 
affordable, locally manufactured, fluoridated toothpastes. 
Expected Outcome: Increased consumption of fluoridated toothpastes in Nepal.  
 
3.2 Project Implementation 
 
The implementation process was initiated by UMN OHP and was conducted by two dentists 
exercising the powers of knowledge and influence from December 1999 to March 2002.   
 Methods used for advocacy included:  
• development of the toothpaste fluoridation information kit  
• email and letter writing;  
• personal meetings with dentists;  
• personal meetings with decision makers of local toothpaste manufacturing companies; 
and   
• multimedia power point and slide presentations to large groups. 
 
Implementation Activities of SubGoal 1:  Achieve the fluoridation of toothpastes 
manufactured in Nepal.  
A series of advocacy meetings between UMN OHP and Nepal Lever Ltd. led to Nepal Lever 
Ltd.’s fluoridation of Pepsodent toothpaste in December 1999 and the most popular 
toothpaste in Nepal, Close Up in August 2000.  
 UMN OHP presented: The results of the fluoride analysis of drinking water in Nepal; 
a multimedia presentation of the rationale for affordable fluoridated toothpaste; and a 
proposed criteria for a ‘seal of approval’ for affordable locally manufactured fluoridated 
toothpaste; to the Nepalese dental community in May 2000 through a Colgate Palmolive 
sponsored dental conference. This conference was attended by almost all the dentists and 
dental students in Nepal.  
 A meeting was arranged with a key decision maker from Colgate Palmolive in India 
in September 2000. UMN OHP suggested that their marketing of unfluoridated toothpastes to 
Nepal would not be consistent with Colgate being a ‘leader in oral health products’ in Nepal. 
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Its locally produced dental cream, ‘Super Shakti’, which means ‘Super Powerful’ in Nepali, 
was advertised as having the power to make teeth stronger. It was suggested that this would 
be correct only if it was fluoridated. Colgate Palmolive agreed to produce affordable 
fluoridated toothpaste from its Hetauda plant south of Kathmandu.  On September 15, 2001; 
‘Super Shakti’ was transformed into fluoridated ‘Maximum’, providing the consumer with 
‘maximum decay protection’. While waiting for Maximum to be unveiled Colgate imported 
affordable fluoridated Colgate branded toothpaste from India to Nepal. 
 Nepal Lever Ltd. and Colgate Palmolive are large multi-national corporations, but 
would small local manufacturers follow suit?  The executive director of Bansal International 
Ltd., manufacturers of Pearl toothpastes was lobbied in October 2001 (one meeting) and a 
decision was made to market a new fluoridated toothpaste and gel, ‘Fresh Up’, at affordable 
prices.  In December 2001, an advocacy meeting between UMN OHP and the executive 
director of Brighter Ltd. resulted in the decision of Brighter to fluoridate all their toothpastes.  
Fleur Himalayan Ltd. and RG Products Ltd. were also lobbied in January, 2002 which 
resulted in the directors agreeing to the fluoridation of their products. 
Implementation Activities of SubGoal 2: Increase the consumption of fluoridated 
toothpastes  
Reduction of Taxation:  In September 2001 UMN OHP presented the case for a more 
fluoridated environment using a multimedia power point presentation at a workshop 
sponsored by His Majesty’s Government Nepal, Ministry of Health, Planning and Foreign 
Aid Division and WHO, Nepal.  The recommendation to reduce taxation of fluoridated 
toothpastes was included as part of the draft national strategy for oral health.  
Marketing:  OHP UMN assisted in the marketing of fluoridated toothpastes by:   
• Advocating that local dentists promote fluoridated toothpaste.  
• Advocating that the Nepal Dental Association promote fluoridated toothpaste.  
• Advocating that manufacturers promote fluoridated toothpaste and assisting them in 
the development of their marketing programmes. 
Certification:  UMN OHP assisted the Nepal Dental Association to develop a certification 
system for fluoridated toothpaste based on a set of recommended criteria in September, 2000.   
 
Quality Assurance:  UMN OHP sent locally manufactured and many of the imported 
toothpastes to the WHO Collaboration Center in Nijmegen, The Netherlands for total and free 
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fluoride analysis. Feedback was given to the manufacturers to ensure the production of 
fluoridated toothpastes met international standards. 
 
PROJECT OUTCOMES 
The outcomes of this health promotion project are categorised under the major headings of 
health promotion outcomes, intermediate health outcomes, and health outcomes and social 
outcomes (Figure 2)4,5,34.   
1   Health Promotion Outcomes 
1.1 Behavioural  
Health literacy:  The project has led to improved knowledge of the relative effectiveness of 
fluoridated and unfluoridated toothpastes among the community including the dental 
profession and manufacturers of toothpastes.  There is now the understanding by 
manufacturers and dentists that fluoride content of drinking water in Nepal is different from 
that in India and that fluoridated toothpaste is a necessary component to caries prevention in 
Nepal.  This new understanding is evidenced by the change in corporate and professional 
policies. 
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1.2 Healthy public/corporate policy and organisational practice 
Corporate behaviour:  The project has led to the manufacture of affordable, fluoridated 
toothpastes in Nepal by two major international manufacturers of toothpaste Nepal Lever Ltd. 
and Colgate Palmolive.  Four other local manufacturers have also responded to this 
challenge.  Fluoride has become the cornerstone of their marketing plans.  This is evidenced 
by toothpaste packaging, billboard and television advertisements promoting the addition of 
fluoride in toothpaste for the protection and strengthening of teeth.   
Professional policy:  The project has led to the development of professional support for the 
manufacture and use of fluoridated toothpastes in particular through the Nepal Dental 
Association’s development of its Seal of Approval. This allows for the certification by the 
Association of oral health products meeting standards of safety, efficacy, cost, shelf life and 
labelling. 
Public policy:  UMN OHP assisted in gaining the inclusion of a recommendation to reduce 
taxation of fluoridated toothpastes as part of the national strategy for oral health in Nepal in 
order to make fluoridated toothpaste more affordable.   
To ensure that quality affordable toothpaste is available to the people of Nepal, UMN OHP 
collaborated with the Nepal National Oral Health Task Force to develop a monitoring system 
for quality assurance and criteria for the reduction of taxes on locally manufactured 
fluoridated toothpastes as listed:  
• The fluoridation of all brands of toothpaste made by the local manufacturer. 
• Locally manufactured fluoridated toothpaste must meet international standards: 1000 
ppm of fluoride as either 0.76% Sodium Monofluorophosphate or 0.25% sodium 
fluoride; with a free ionised fluoride content of not less than 700ppm. 
• Packaging for toothpaste meeting ISO standards: Date of manufacture or expiry, type 
of fluoride and quantity of fluoride when manufactured. 
• Packaging to be in Nepali language 
• Affordable (Tax savings must be passed onto the consumer such that the wholesale 
and retail price must be seen to have been reduced by the amount of tax reduction 
gained by the manufacturer). 
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2 Intermediate Health Outcomes 
2.1 Healthy environments 
Availability and consumption of affordable fluoridated toothpastes:  The majority of the 
toothpaste was made fluoridated and affordable to the people of Nepal by March, 2002.  
Table 1 presents a comparison of toothpaste marketed in 1998 and in 2002. In 1999, a market 
survey conducted by ORG-MARG Nepal, a market research company, estimated the volume 
of toothpaste in urban markets to be approximately 600 tons and 400 tons in rural markets. 
The market share of fluoridated toothpaste was negligible. A follow up market survey in the 
latter half of 2001 estimated the total volume sales (900 tons) to be similar to sales in 1999 
but the proportion of fluoridated toothpaste was approximately 65% of total volume sales 
(urban 71% and rural 60%). With Brighter Ltd., RG Products Ltd. and Fleur Himalayan Ltd. 
also fluoridating their products in 2002, the total market share of fluoridated toothpaste is 
now approximately 90%.  
 
 
3 Health Outcomes  
3.1  Quality of life  
In order to influence public policy it is important to collect data other than DMFT; in 
particular data which is more readily appreciable by medical practitioners, policy makers and 
politicians. This includes quality of life data, which is rarely collected in oral health 
epidemiology, to assist in quantifying the impact of oral disease.  
 UMN collected base line quality of life data in 2001 using a self-administered 
questionnaire in 111 schools in 6 urban centres along the major east-west highway in Western 
and Central Nepal.  A non-randomised cross-sectional survey of 4,221 schoolchildren in 
Class 3 (age 9-11 years) indicated that 45% of the schoolchildren sampled had suffered 
toothache and 25% had suffered from a toothache in the week prior to the survey. The most 
frequent impact on the quality of life was the inability of children to eat (62%), followed by 
the inability to sleep (13%).  A follow up survey in 6 years time will be conducted to examine 
if a reduction has occurred in these statistics and to examine other influencing factors in the 
expected reduction. 
3.2  Mortality  
While dental caries is not generally considered to be a life-threatening disease in affluent 
countries in the context of absolute poverty (including malnutrition, systemic disease and 
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absence of treatment) it can progress to life-threatening conditions including osteomyelitis 
and necrotising fasciitis35.  
3.3  Morbidity 
A recent caries epidemiological survey of schoolchildren in central and western Nepal24 and a 
national pathfinder survey to be conducted in 2003/2004 will provide baseline data on disease 
levels and treatment needs.  A follow up survey 7 years after will be conducted to examine if 
there has been a reduction in DMFT. 
 
4  Social Outcomes 
4.1  Independence 
The use of fluoridated toothpaste enhances oral self-care and reduces dependence on 
professional care and maintenance.  
 
4.2  Equity 
As long as the price of fluoridated toothpaste is kept low all but the poorer socio-economic 
classes of society will be able to receive the health benefits of fluoridated toothpaste.  The 
locally manufactured fluoridated toothpastes which now constitute the majority of toothpastes 
sold in Nepal are priced significantly lower than imported fluoridated toothpastes (Table 1).  
4.3  Economics 
Better oral health translates into better general health and into financial benefits for the 
nation. In a poor country such as Nepal, money spent directly and indirectly (transportation, 
accommodation, etc) to access dental treatment is money diverted from priorities such as 
food, shelter and education - which have an important influence on health. 
 
DISCUSSION 
Health promotion strategies and activities designed to address the root causes of disease 
require passionate commitment, planning and persistence.  Unlike clinical dentistry, where 
proper diagnosis, treatment planning and treatment may result in satisfactory eradication of 
dental caries within hours or days for the individuals seen by the dentist; the process of 
advocacy may take years and the desired outcome may not be evident for decades.   
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 Significant lessons have been learned to facilitate international projects to fluoridate 
toothpastes:  
1. Many companies may not be willing to fluoridate their toothpastes unless national 
Dental Associations can provide support such as a ‘Seal of Approval’.   
2. Many small companies may not be willing to fluoridate their toothpastes unless and 
until the market leaders of toothpaste sales fluoridate theirs first.   
3. Many companies responded well to presentations of the benefits (rewards) to 
themselves of fluoridation of their toothpastes. 
4. Many companies responded well to education on the importance of toothpaste 
fluoridation to their marketing plans. 
5. Many companies recognised the importance of fluoridation of their toothpastes in the 
context of legal requirements for truth in marketing.  
6. The support of the dental profession is important and valuable to companies 
manufacturing and marketing fluoridated toothpastes. 
7. There is a need to meet and directly influence key decision makers within 
manufacturing companies.  
8. There is a need for scientific evidence to support advocacy. Despite several meetings 
with local manufacturers, no progress was made until scientific evidence of the 
fluoride levels in drinking water was presented.  
9. The personal experience of key decision makers can be very valuable in bringing 
about change to fluoridation of toothpastes. A family member of a key decision maker 
in the manufacture of toothpastes had suffered from rampant caries. This child had 
been using the company’s unfluoridated toothpaste. It was explained at an advocacy 
meeting that the child “was one of millions of children in Nepal who suffered from 
untreated caries which could be prevented if the toothpaste being used had been 
fluoridated.”  Within minutes the decision was made to fluoridate the company’s 
toothpaste. 
 
 The expected outcome of the advocacy project is a reduction in the incidence of 
dental caries in Nepal.  Although there is a significant increase in the volume of fluoridated 
toothpaste consumed, changes in dmft/DMFT scores and in the frequency of impacts on the 
quality of life will not be measurable in the short term.  It will be many years before tangible 
health and sociable outcomes are apparent.  For the health promotion activity of advocacy the 
achievement of health promotion outcomes (change in corporate, public and professional 
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policy) and intermediate health outcomes (change in the availability and consumption of 
fluoridated toothpaste) are more appropriate outcome measures in the short term.   
 The most significant and measurable outcome of this advocacy project is the increase 
in the market share of fluoridated toothpaste from negligible to 90%. In addition the total 
volume of fluoridated toothpaste sold has increased from almost zero at the start of the 
advocacy project to an estimated 900 tons in 2002.  There has been a marked increase (almost 
3 times) in the number of brands of toothpaste in Nepal from 1998 to 2002 (Table 1) and 
there is a greater increase in the number of fluoridated toothpastes from 5 in 1998 to 22 in 
2002, with 6 of the fluoridated toothpastes manufactured in Nepal.  This outcome was almost 
immediate as existing non-fluoridated market brands were converted to fluoridated 
toothpaste.  Most consumers benefited from the change without having to consciously change 
their attitude, knowledge or behaviour.  
 It has been suggested that the price of toothpastes in several third world countries is 
too high36.    The availability of fluoride toothpaste is considered to be a key component in the 
integrated package of basic oral care (IPBOC)37.   The price of fluoride toothpastes needs to 
be affordable to allow equitable availability to all. At present in Nepal the price of the most 
expensive fluoridated toothpaste is more then ten times that of the lowest priced fluoridated 
toothpaste. There may be a need to consider price regulation by governments to achieve 
equitable availability of fluoridated toothpastes.  
 While the addition of fluoride to toothpaste increases the cost of production to some 
extent, this can be more than offset by exemption or reduction in taxation of fluoridated 
toothpaste.  Many low-priced products (costing 14-30 Nepali Rupees) however are not 
fluoridated and are therefore of little oral health benefit38.   More affordable fluoridated 
toothpaste was made available through the advocacy project which targeted local 
manufacturers.  
 The increased availability of affordable fluoridated toothpaste is an important step in 
creating a more supportive environment for improved oral health in the future but does not 
automatically ensure a reduction in dental caries in low income countries39.  A reduction in 
caries increment is achievable when people brush their teeth at least twice a day 40,41.  
Brushing twice a day with a fluoridated toothpaste is not a social norm at this time in Nepal.  
UMN OHP surveys of oral hygiene habits of urban schoolchildren indicate that 
approximately 75% of the schoolchildren questioned now use a fluoridated toothpaste. The 
remaining 25% use unfluoridated toothpaste, salt, charcoal or other agents . Three-quarters of 
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the schoolchildren report brushing once a day before breakfast.  Reported usage of 
fluoridated toothpaste and use of a toothbrush would be expected to be lower amongst the 
poorer rural schoolchildren.    
 UMN OHP has been working with local manufacturers to increase the per capita 
consumption of fluoridated toothpaste as part of their marketing strategy.  The major 
producers are currently marketing fluoridated toothpaste accompanied by a free toothbrush.  
Television and radio commercials and toothpaste packaging emphasise the importance of 
brushing twice a day with fluoridated toothpaste.  Successful promotion of twice-daily 
brushing  with fluoridated toothpaste targeting the whole population will require a multi-
sectoral approach involving the collaborative effort of dentists, the Ministry of Health, 
Ministry of Education, toothpaste manufacturers, NGOS and INGOs.  
 A monitoring system to ensure that fluoridated toothpaste contains the appropriate 
amount of free ionised fluoride is also necessary if a reduction in caries is to be observed in 
Nepal.  Analysis of fluoridated toothpaste in several developing countries, including Nepal 
has shown that some products do not contain enough free ionised fluoride to be 
efficacious42,43.   As some manufacturing companies lack quality controls the periodic 
analysis of fluoridated toothpastes and feedback to the manufacturers is one of the activities 
of the national oral health monitoring system recommended by the Nepal National Oral 
Health Task Force. This Task Force has been formed to guide action planning for the 
National Strategic Plan for Oral Health in Nepal.  The Nepal National Oral Health Task Force 
has also recommended that manufacturers of fluoridated toothpaste not meeting 
recommended criteria do not receive a reduction in taxation of their products. 
 There is a concern for the oral health of the poorer socio-economic classes in Nepal 
who may not be able to afford the benefits of fluoridated toothpaste.  Since salt is consumed 
by all social classes and since it is the most commonly consumed food item, salt fluoridation 
is a promising socially equitable public health option for Nepal.  Advocacy for salt 
fluoridation has already begun with the successful lobbying of the Minister of Health to 
authorise a salt fluoridation feasibility study. 
 
RECOMMENDATIONS 
We suggest that this project process can be repeated in other countries and that there may be 
a significant need to do this.  
 The WHO Expert Committee on Oral Health Status and Fluoride Use recommended 
that “every effort must be made to develop affordable fluoride toothpastes for use in 
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developing countries.  Measures should be taken to exempt fluoride toothpastes from duties 
and taxation”44.   Although this is a sound strategy directed towards the reduction in the 
incidence of dental caries, there is no plan of action to achieve this outcome in developing 
countries.   
 Further research is needed, particularly in poor countries, to examine the relative 
market share given to fluoridated versus unfluoridated toothpastes. It would be of concern if 
it were determined that multinational companies concentrate on marketing unfluoridated 
toothpastes to poor countries and fluoridated toothpastes to wealthy countries.  
  It is important to determine the cost effectiveness, if any, of non-fluoridated 
toothpastes. In the light of this research it would be important to determine the ethical and 
legal issues surrounding the manufacturing and marketing of non-fluoridated toothpastes to 
poor countries, since brushing with unfluoridated toothpaste has been shown to be ineffective 
in reducing dental caries38.  
 In developing countries where brushing twice a day is not a social norm and where 
the fluoride level in the drinking water is not efficacious, brushing once a day with toothpaste 
containing higher levels of fluoride (> 1000 ppm F) may be a more appropriate oral hygiene 
protocol than brushing twice a day with toothpaste containing 1000 ppm F; and would greatly 
benefit more people.  Further research is required to determine relative cost-effectiveness of 
brushing once a day with a stronger concentration of fluoridated toothpaste as opposed to 
brushing twice day with toothpaste fluoridated to 1000 ppm F. 
 
SUMMARY 
This paper describes an oral health promotion project to address the increasing incidence of 
untreated dental caries in Nepal.  The advocacy project demonstrated the achievement of 
expected health promotion outcomes and intermediate health outcomes. Gains in health and 
social outcomes will take longer to demonstrate but based on epidemiological evidence45and 
the experience of other countries increased availability and consumption of affordable 
fluoridated toothpaste will have a significant impact on the oral health of the people of Nepal.  
 Given the highly clinical nature of the dental profession it is important to be able to 
demonstrate alternative approaches to the improvement of oral health rather than solely the 
clinical care of individuals.  Advocacy for the fluoridation of toothpaste is an important 
health promotion activity which can impact on the formation of healthy public and corporate 
policies necessary for the establishment of a fluoridated environment for whole communities.  
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 Increased self-fluoridation using fluoridated toothpaste is sustainable long after the 
advocacy programme is terminated.  Financial, health and social benefits will continue to be 
accrued by Nepali society over many years. 
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ABSTRACT 
Objectives: To assess the total and free ionised fluoride concentration in fluoride toothpastes 
manufactured in Nepal.  To verify whether the information on the package conforms to the 
international marking and labeling requirements.  To use the information thus obtained to 
advocate the manufacture of affordable and effective fluoridated toothpastes in Nepal and 
promote its use among the Nepalese population.  Sample: Four fluoridated toothpastes 
manufactured in Nepal were sent to The Netherlands for fluoride analysis.  Prices of 
additional toothpastes available in Nepal in 1998 and 2001 were compared to note the 
differences in price and availability of fluoridated and non-fluoridated toothpastes and 
fluoridated toothpastes manufactured in Nepal and outside Nepal. Fluoride analysis: The 
total fluoride (F) concentration of the toothpastes was determined by gas liquid 
chromatography.  The amount of soluble fluoride was measured after dilution in artificial 
saliva and the treatment of the supernatants with acidic phosphatase.  Results: The total F 
and free ionised F concentration was less than the marked concentration, ranging from 
400ppm-970ppm of total fluoride and 150-770 ppm of free fluoride.  One sample did not 
have a label declaring the F concentration; expiration or production date and none of the 
samples indicated the F formula on the package.  Conclusion: Deficiencies were found 
regarding the total as well as the free inonised fluoride concentration in the fluoride 
toothpaste manufactured in Nepal.  Violation of the requirements set by the ISO for 
toothpaste marking and labeling has been noted.  Toothpastes manufactured in Nepal are 
more affordable than those manufactured outside Nepal.  Recommendation: Dental 
profession should be aware of the deficiencies and inform and advise the toothpaste 
manufacturers in Nepal accordingly so as to make effective and affordable toothpastes 
available to all the people of Nepal.  Seal of approval should be given only to the products, 
which meet the ISO standards.  Thereafter, there should be continued monitoring of the 
quality of fluoride toothpastes.   
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INTRODUCTION 
Experts assume that caries decline in many established market economy (EME) countries, 
during the past decades22 is mainly due to the increased and widespread use of fluoride 
toothpaste3 and not restrictions in sugar consumption, as sugar consumption in those 
countries during that period has remained high18.  Exposure to optimal amounts of fluoride 
via water and salt and the use of fluoride toothpastes are considered by the World Health 
Organization (WHO) to be the most effective preventive measures against dental caries32,33.  
However, water fluoridation is not feasible in Nepal due to lack of centralized water supply 
and poor infrastructures.  Salt fluoridation appears to be a promising technology for Nepal, 
but may take some time before the recommended strategy is actually implemented.   
Toothpaste is the most widely used vehicle for fluoride in the world3.  However, in 
Nepal, initially, problems were encountered in promoting and accessing affordable, 
fluoridated toothpaste.  At a dental public health workshop in 1995, organized by the United 
Mission to Nepal Oral Health Programme (UMN OHP), the dentists attending the workshop 
ranked ‘Always recommend a fluoride toothpaste and have it available to your patients at a 
reasonable price’ as the fifth oral health promotion activity.  Many of the dentists had 
received their dental education in India where some of the states have excessive natural 
fluoride in the water supply and it was believed that the same situation prevailed in Nepal.  
Fluoridation of toothpaste was also a politically sensitive issue in India26.  Due to the above 
reasons toothpaste manufacturers in Nepal avoided fluoridating their products.  Market 
analysis of toothpaste revealed that with the exception of a limited supply from a local 
manufacturer, which was not generally available to the public, toothpaste manufactured in 
Nepal was all non-fluoridated.  Imported fluoridated toothpaste was available in Kathmandu, 
but uncommon in other parts of the country.   Furthermore the fluoridated brands were more 
expensive than non-fluoridated brands, which limited healthier choices to the wealthy, who 
lived in Kathmandu (Table 1).    
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Fluoride analysis of a small sampling of water from various sites in Nepal led the 
United Mission to Nepal Oral Health Programme to argue that Nepal was not similar to India 
and affordable fluoridated toothpaste was needed for the prevention of dental caries.  To 
advocate the case for fluoridated toothpaste, stronger evidence was needed and the United 
Mission to Nepal Oral Health Programme conducted a nationwide fluoride analysis of 
Nepal’s drinking water.  The results showed that 95% of the samples had fluoride levels 
below 0.3mg/l and more than 70% of the sites registered less than 0.1mg/l.   Only 5 samples 
of drinkable water had therapeutic levels of fluoride (above 0.7mg/l) with the highest 
recorded level of 1.07mg/l.19 The study, thus, demonstrated that unlike parts of India, Nepal’s 
drinking water does not contain levels of fluoride above the therapeutic standard of 1mg/l and 
 111 
that affordable fluoridated toothpaste would be a safe public health measure.  This significant 
fact was disseminated to dental professionals, manufacturers of toothpastes and key personnel 
at the Ministry of Health at workshops and advocacy meetings. 
Consequently, the use of fluoridated toothpastes in Nepal has increased substantially 
over the last year.  Advertisements on toothbrushing with fluoride toothpaste and the efforts 
of toothpaste companies and oral health organisations via school programmes have all played 
a role in the increased availability and therefore, use of fluoride toothpastes (Table 1).  This 
in itself is a reason to seriously consider toothpaste as a main carrier of fluoride, since it 
seems to be as efficient a carrier of fluoride as water and salt.  Moreover, promotion of tooth 
brushing with fluoride toothpaste does not only have a caries reducing effect but also a 
widespread positive effect on the periodontal condition of the population10,14.  Therefore, 
promotion of twice a day tooth brushing with fluoride toothpaste could be the preventive 
method of choice in many non-EME countries, including Nepal. 
Promotion of the use of fluoride toothpaste should go simultaneously with quality 
control measures on its efficacy.  The definitive proof of efficacy of fluoridated toothpaste is 
its inhibitory effect on caries in a clinical trial, which involves a large sample, takes two 
years7 and is very expensive.  Hence, alternatives for clinical trials have been proposed for 
toothpaste containing formulas that are similar to those that have previously been tested in 
clinical trials7, one of which is the assessment of fluoride availability in the toothpaste28.  For 
toothpaste to be effective, its content should comply with an appropriate concentration of free 
ionised fluoride.   
The aim of this study was to assess the total and free ionised fluoride concentration in 
various fluoride toothpastes manufactured in Nepal.  In addition, the written information on 
the package was checked for conformation to the marking and labelling requirements of the 
International Organisation for Standardisation (ISO)12.  Prices of additional toothpastes 
available in Nepal in 1998 and 2001 were collected for comparison between the availability 
and prices of fluoridated and non-fluoridated toothpastes and fluoridated toothpastes 
manufactured in Nepal and outside Nepal. 
 
MATERIAL AND METHODS 
Fluoridated toothpastes manufactured in Nepal were purchased in Kathmandu.  The 
information on the package was checked for descriptive names of the fluoride ingredient, and 
its w/w% of the F formula, or ppm F.  Moreover, information on the production or expiration 
date was checked.  In case only an expiration date was given, the production date was fixed at 
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30 months before, because toothpastes should have a stable content during 30 months after 
their production date12.  The age of the toothpaste was calculated at the time of the F analysis. 
In all toothpastes the fluoride concentration was measured with a gas liquid 
chromatographic method.  This provides the total fluoride concentration irrespective of the 
fluoride compound or whether the fluoride is present as a free ion or bound.  The amount of 
soluble fluoride was measured after dilution in artificial saliva and treatment of the 
supernatants with acidic phosphatase.  The free-F concentration in this mixture was measured 
with a F electrode. 
 
SUMMARY OF RESULTS 
In all of the 4 fluoridated toothpastes manufactured in Nepal, the total F and free ionised F 
concentration was less than the marked concentration, ranging from 400ppm-970ppm of total 
fluoride and 150-770 ppm of free fluoride (Table 2).  However, it must be noted that two of 
the brands had total fluoride content higher than 900ppm and free ionized fluoride higher 
than 700ppm, which are acceptable.  One of them did not have a label declaring the F 
concentration.  One of them had no expiration or production date and none of them indicated 
the F formula on the package. 
 
 
 113 
DISCUSSION 
Rationale for the F Measurements 
There is overwhelming evidence provided by well-controlled clinical trials indicating the 
anti-caries efficacy of fluoride toothpastes3.  In the mouth the fluoride has to be released from 
the toothpaste in order to be able to inhibit the demineralisation and to enhance the 
remineralisation process of enamel and dentine.  Currently, almost all fluoride toothpastes 
contain either NaF or MFP or a combination of both.  NaF dissociates and fluoride ions are 
available for the de- and remineralisation process.  It is suggested that the enamel takes up the 
MFP molecule5,11, or the MFP is firstly hydrolysed by saliva and dental plaque, releasing 
fluoride ions to react with the dental hard tissues6,15.  In both of these mechanisms, sufficient 
amounts of the fluoride compound should dissolve from the toothpaste matrix into saliva 
during the application of toothpaste and before the toothpaste is rinsed out after the brushing.   
One meta-analysis on fluoride toothpaste efficacy reported a greater reduction of 
caries increment by NaF containing toothpastes as compared to MFP toothpastes13.  
However, critical reviews of that meta-analysis study revealed several methodological 
difficulties9,29 and now the anti-caries efficacy of NaF and MFP containing toothpastes are 
considered to be similar 9,29,30,.  None of the toothpastes manufactured in Nepal mentioned the 
type of fluoride compound, but it was assumed that they contained either NaF or MPF. 
Toothpastes with 1500 ppm F and above may have a slight additional anti caries 
effect8,1, whereas low concentration toothpastes of 250-700 ppm F may have a less caries 
reducing effect than those of 1000 ppm F 16,20,31,.  A WHO report32 claimed a benefit of 6% 
less DMFS for every 500 ppm over 1000 ppm of fluoride, but supportive evidence is not 
conclusive1,2, 21,24,25.  An optimal concentration of fluoride in toothpaste cannot be given, 
since the maximum reduction in caries with a minimum occurrence of dental fluorosis 
depends on the age and the particular use by the consumer.  Since it is not practical to present 
a variety of concentrations, the best choice for a whole population might be the lowest priced 
toothpaste with a content of 1000 ppm total F (to limit dental fluorosis), which will all be 
released as free ionised F.   
Availability and Affordability of Toothpastes 
There has definitely been a marked increase (almost 3 times) in the availability of toothpastes 
in Nepal from 1998 to 2001.  The good news is that there is a greater increase in the number 
of fluoridated toothpastes from 5 in 1998 to 22 in 2001. Better still, 4 of them are 
manufactured in Nepal itself. 
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It has been suggested that the price of toothpastes in several non-EME countries is too 
high23.  Moreover, there are large differences in prices between fluoridated toothpastes and 
non-fluoridated toothpastes and between those manufactured in Nepal and outside Nepal. 
Toothpastes manufactured in Nepal and India range from NRs 14.00 to Rs 45.00, while other 
international products rage from Rs.82.00 to Rs 347.00, which is way beyond the buying 
capacity of the majority of the Nepali population.  The price of the most expensive 
toothpastes toothpaste was as high as 25 times the cheapest one.  The low-priced products 
(NRs 14.00-Rs.30.00), however, are not fluoridated and therefore are of no oral health 
benefit. Therefore, the local manufacturers need to be (and have been) approached to 
convince them of the benefits of fluoride and encourage them to produce fluoridated 
toothpastes.  
The price of fluoride toothpastes should be affordable for the population in order to 
meet the requirement of equitable distribution for all.  Since the use of fluoride toothpaste is 
considered to be a key component in the integrated package of basic oral care (IPBOC)7, an 
affordable price is a prerequisite condition for the improvement of the oral health of all 
people. Addition of fluoride to toothpaste would undoubtedly increase the cost of production 
to some extent.  This could be minimized by exemption or reduction of the import tax on 
fluoride and the VAT on fluoridated toothpaste. 
 
Information on Package  
Accurate information regarding the use of toothpaste should be provided on the 
package. It should ideally include the following messages: 
• Brush twice daily after meals.  
• Do not swallow toothpaste. 
• Spit out all the toothpaste and do not rinse with water or rinse gently only once.  Rinsing 
with water after tooth-brushing reduces efficacy of fluoride in the toothpaste 4. 
• In children younger than 6 years of age, use only a pea-sized amount of 1000 ppm F 
toothpaste and supervise brushing.  The amount of toothpaste shown for use in most of 
the package and advertisements is way too much even for adults! 
 
Of all the toothpastes manufactured in Nepal, only one mentioned brushing twice a 
day.  Most of the non-fluoridated toothpastes mention calcium for protection of teeth, but it 
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must be clarified that it is fluoride that provides the anti-caries effects, though calcium and 
phosphate supplementation can improve remineralisation and fluoride uptake27. 
CONCLUSIONS AND RECOMMENDATIONS 
Deficiencies were found regarding the total as well as the free ionised fluoride concentration 
and violation of the requirements set by the ISO for toothpaste marking and labelling was 
encountered.  Countries like Nepal, which do not have controlling bodies to monitor the 
efficacy of fluoride toothpastes should be sending samples for fluoride analysis to centers like 
The WHO Collaborating Centre for Oral Health Care Planning and Future Scenarios in 
Nijmegen, The Netherlands, (F.Mikx@dent.kun.nl) which offers to serves as an independent 
reference centre for testing toothpastes on available free ionised fluoride.  Packaging should 
meet ISO standards. 
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CHAPTER 6 
 
 
A cost-benefit analysis of an advocacy project 
to fluoridate toothpastes in Nepal 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Yee R, McDonald N, Walker D. A cost-benefit analysis of an advocacy project to fluoridate 
toothpastes in Nepal. Community Dent Health 2004; 21: 265-270.  
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ABSTRACT 
Objectives:  The aim of this paper is to provide a limited cost-benefit analysis of a health 
promotion project based on advocacy to increase the availability and consumption of fluoride 
toothpaste.  Basic Research Design: The cost-benefit analysis method uses the cost-of-
illness approach to analyse the costs and benefits of the health promotion project.  Setting:  
The setting for the health promotion project was the country of Nepal.  Participants: A sub-
set of the population (6-18 year-olds) was used to compute the financial burden of treating 
projected caries in the permanent dentition.  Interventions: The paper compares the 
projected effect of fluoride toothpaste versus non-fluoride toothpaste on the financial burden 
of dental caries for a sub-set of the Nepali population over a period of 6 years. Outcome 
Measures:  The net present value (NPV) and the benefit-cost ratio are the main outcome 
measures.  Results: Over a period of 6 years the NPV was US$594,466 for a projected 10% 
reduction in dental caries of this population group as a result of fluoridation of toothpastes; 
US$1,035,640 for a projected 20% reduction; and US$2,442,333 for a projected 40% 
reduction in caries increment.  For every US$1 spent on the advocacy project to increase the 
availability and consumption of fluoride toothpaste, there is a potential saving in the direct 
cost of treating caries ranging from US$87 to US$356.  Conclusions: The cost benefit 
analysis presented shows the project was efficient. Tangible benefits resulting from the 
intervention of fluoride toothpaste were quantified as well as the risks from having no 
intervention.   
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INTRODUCTION 
The Advocacy Project to Fluoridate Toothpastes in Nepal was a health promotion project to 
increase the availability and consumption of affordable fluoride toothpaste in Nepal 
undertaken by the Oral Health Program of the United Mission to Nepal (OHP UMN) during 
the period from March 1997 to March 2002. Details of the project process have been 
provided in a previous paper ‘An Advocacy Project to Fluoridate Toothpastes In Nepal’ (Yee 
et al, 2003).  
The project achieved health promotion outcomes including healthy corporate and 
public policies, organisational practice and intermediate outcomes such as increased 
availability and consumption of affordable fluoride toothpaste.  Prior to implementation of 
the advocacy project in 1997 availability and consumption of fluoride toothpaste was 
negligible.  By March, 2002 total market share of fluoride toothpaste was approximately 
90%. This represents 900 tonnes of fluoride toothpaste annually. 
One of the key research questions posed by Nutbeam (1998) in evaluating health 
promotion projects is:  “Was the programme or project efficient?”.   This necessitates an 
assessment of value gained for money spent to implement a programme or project.  The aim 
of this paper is to provide a limited cost-benefit analysis of the advocacy project and to 
compare the effect of fluoride toothpaste and non-fluoride toothpaste on the financial burden 
of disease for a sub-set of the Nepali population. Given the highly clinical nature of the dental 
profession it is important to demonstrate the potential effectiveness and efficiency of oral 
health promotion projects as an alternative to the dominant attention given to increasing 
clinical services.  The resources commissioned to tackle the determinants of health and 
disease are scarce.  Moreover, they are inappropriately or disproportionately allocated in 
favour of curative services with the poor having to pay more for services (Yee and Sheiham, 
2002).  All health care, including oral health, must compete with other sectors to provide for 
the health needs of the people.  Governments, International Non-Government Organisations 
and local Non-Government Organisations have the responsibility to spend well, to get ‘value 
for money’ whenever they devote resources to health.  This means allocating resources so as 
to obtain the most improvement in health per dollar.   
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LITERATURE REVIEW  
Cost-benefit analysis is one of several techniques, which may be used to systematically assess 
the impact of public health policies, programmes and practices on health outcomes (Bierman 
et al., 1991).  The health outcomes of clinical  prevention strategies, individual health 
promotion (behavioural) strategies, community welfare and systemic change designed to 
promote either individual health or social well-being are all amenable to evaluation with 
limitations (Richardson, 1998).  Although a cost-benefit analysis is usually undertaken to 
compare the costs of clinical treatments, it is recommended for health promotion programmes 
to demonstrate its “worth” (Barry and DeFriese, 1990). The cost-benefit analysis is generally 
used as an aid in (1) the decision making process in choosing the implementation of specific 
programmes, (2) choosing among competing options, or (3) setting priorities in the allocation 
of scarce health care resources (Clemmer and Haddix, 1996).  Although the cost-benefit 
analysis method of economic evaluation is usually applied before a programme is 
implemented, it can also be used to evaluate the outcomes of an existing programme.  In 
performing a cost-benefit analysis all costs and specific health outcomes are converted into 
the common metric of dollars.  Thus, a cost benefit-analysis compares the costs of a health 
care intervention with monies gained or saved from the utilisation of the programme or 
intervention.   
A MEDLINE search did not reveal any articles related to cost-benefit issues in oral 
health promotion projects.  A fluoridation campaign in Phoenix, United States reported the 
cost of the campaign but a cost-benefit analysis was not performed (Smith and Christen, 
1990). 
 
METHOD 
Cost-Benefit Analysis 
The cost-benefit analysis method employed in this paper is based upon the principles 
described by Clemmer and Haddix (1996) using the cost-of-illness approach to analyse the 
costs and benefits of a health promotion project.  While the cost-of-illness approach normally 
sums the medical and nonmedical costs of the disease and the productivity losses from related 
morbidity and mortality, this study will consider only the direct cost of treating dental caries.  
Productivity losses from associated morbidity or mortality will not be considered.  The 
method will be adapted to fit the process of advocating for the fluoridation of toothpaste in 
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Nepal.  The net present value (NPV) and the benefit-cost ratio will be used as summary 
measures in this cost-benefit analysis.   
Net Present Value  
Net Present Value (NPV) is the projected value of the benefits of the project less the 
projected value of the costs of the project expressed as present day dollars. The NPV can be 
determined for differing projections of benefits gained. These differing projections are made 
upon differing estimations of the decline in caries which can be expected to be gained by the 
intervention. 
The formula for NPV is:  
NPV=PVB-PVC 
Where  PVB represents the present value of projected benefits    
and PVC represents the present value of projected costs  
Present Value Of Projected Benefits (PVB)  
The PVB is determined by projection of the reduced costs of treatment achieved by the 
intervention.  PVB is calculated using the formula:  
PVB = F [1/(1+ r)t] 
where 
 PVB = present value of benefit 
 F = future value of benefits at a determined year 
 r = discount rate  
t = time period or timeframe  
Present Value of Costs (PVC) 
PVC is determined by the formula: 
PVC= C (1+I)n 
where 
 PVC = present value of costs 
 C = actual costs incurred 
 I = interest rate 
 n = number of years 
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Assumptions underlying the cost benefit analysis 
The method of cost benefit analysis relies on several assumptions which this paper aims to 
make clear. For this cost-benefit analysis the recommended 5% real discount rate (Shaffer 
and Haddix, 1996) will be used.  The interest rate for calculating present value costs is 5% 
which is the average interest rate offered by banks in Nepal.  No adjustments for changes in 
inflation in the future will be made for present value benefit calculations since a real discount 
rate is used.  The base year is 2002. 
Timeframe 
The timeframe for the present value benefit analysis is 6 years, from the base year of 2002 to 
2007.  In 6 years time, the 6-year-old cohort will have had 6 years of fluoridation of the six 
year molars and all permanent teeth will have erupted for the recommended 12 year-old 
global monitoring age for caries.  The benefits are evenly distributed throughout the 6 years.   
The timeframe for the present value cost analysis is 6 years, from the start of the 
advocacy project in 1997 to the base year 2002; and the costs are evenly distributed 
throughout the 6 years.   
 
Cost Analysis 
Project costs have been analysed by the sequence of activities undertaken to reach each 
subgoal. These costs refer only to the costs to the project team.  Included in the retrospective 
cost analysis are: 
• Personnel – dentists, volunteers, technician for water analysis 
• Equipment for fluoride analysis 
• Chemicals for fluoride analysis 
• Training costs 
• Printing, postage and stationery 
• Rent and utilities 
• Transportation costs and travel expenses 
• Preparation of presentations 
Sub Goal 1:  Achieve the fluoridation of toothpastes manufactured in Nepal.  
Strategy: Advocacy work targeting local manufacturers of toothpaste. 
Activities:  
1. Analysis of fluoride content of drinking water. 
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Costs: US$6,385 
Development of an information kit containing:  
• The rationale for the use of fluoride toothpaste in Nepal including the community health 
benefits and the safety of fluorides. 
• The results of the fluoride analysis of drinking water in Nepal.   
Costs: US$349 
2. A series of advocacy meetings with decision makers of national and international 
producers of toothpaste between December 1999 and January 2002.. 
Costs: US$85 
Sub Goal 2: Increase the consumption of flouridated toothpastes  
Strategy: The development of an environment supportive of consumers’ uptake of fluoride 
toothpastes. 
Activities:  
1. Taxation:  
In September, 2001; the recommendation to reduce taxation of fluoride toothpastes was 
included as part of the draft national strategy for oral health.   
Costs: $10   
• Advocating local dentists promote fluoride toothpaste. 
2. Marketing: 
• Advocating the Nepal Dental Association promotes fluoride toothpaste.  
Costs: Cost included in Sub Goal 1 
Advocating corporations promote fluoride toothpaste and assisting them in the development 
of their marketing programmes. 
Costs: Cost included in Sub Goal 1 
UMN OHP lobbied the Nepal Dental Association to develop a certification system for oral 
health products in September, 2000. 
Costs: US$5    
Fluoride analysis of locally-manufactured toothpastes and many of the imported brands. 
Feedback given to the manufacturers. 
Certification 
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Costs: US$15    
Total costs = US$6,849 
 
Benefits Analysis 
A limited benefits analysis is provided for the projected reduced financial burden of treating 
caries in the permanent dentition with amalgam restorations through the introduction of 
fluoride toothpaste for a sub-set of the population (6-18-year-olds).  This analysis is based on 
epidemiological data, basic principles in caries epidemiology, demographic information, 
baseline information on oral hygiene habits and basic assumptions.  Estimation of the 
financial benefits of fluoride toothpaste for the population outside the range of this sub-set is 
not undertaken because basic caries epidemiological principles and their mathematical 
formulas have not been determined for the deciduous dentition nor for adults beyond 18 years 
of age. 
The Benefits Analysis will proceed sequentially to estimate the: 
• Prospective DMFT for the age cohort 
• Projected number of tooth surfaces requiring treatment 
• Prevalence of caries  
• Number of one-surface and multi-surface restorations 
• The cost of restorative treatment at base year 2002 and the cost of restorative treatment in 
2007 with the intervention of fluoride toothpaste and without the intervention of fluoride 
toothpaste 
• Net present value of benefits and the net present value 
 
In order to calculate the net present value of benefits and the net present value a 
mathematical model was used to provide relevant data and the method is described in a 
previous paper (Yee and Sheiham, 2002).  The following are the input variables used in 
the calculations: 
• The current 12-year-old DMFT of 0.9 (Milsom, Rijal and Lennon, 1997) as the starting 
point.   
• A conservative amalgam failure rate of 7%. 
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• Replacement of failed amalgam fillings which is computed by factoring 10% of the 
previous year’s one-surface restorations into the calculation of the number of two/three 
surface fillings. 
• The average cost of single surface amalgam restorations in Nepal is US$5 and for two or 
more surface restorations the cost is US$7.   
The calculations from the mathematical model yielded the following relevant 
information at base year 2002: 
• Average caries prevalence of the mixed age group, 6-years to 18-years, was 44%. 
• Cost of treating 1000 children of mixed age group was US$1276.20. 
Using figures from the Nepal population census of 2001 (HMG Nepal, 2001), the 
total burden of caries treatment can be calculated for any given year for the total population 
of Nepalis between the age of 6 and 18 years: 
Total financial burden of treating caries in the mixed age group =  
cost of treating 1000 children of mixed ages X total population of mixed age group X  
average caries prevalence for mixed age group. 
 
The financial burden of caries for the mixed age group 6-18 years at the base year 
2002 is computed: 
Total financial burden = US$1276.2/1000 X 7,517,983 population X 0.44 prevalence = 
US$4,221,557. 
Sensitivity Analysis 
A sensitivity analysis will be performed to provide a range of the impact of the effectiveness 
of fluoride toothpaste in reducing dental caries.  A range of net present values (NPV) and 
benefit-cost ratios will be summarised.  Some of the important factors which impact on the 
outcome of the benefit analysis include: 
 
• The daily frequency of toothpaste consumption.  As a result of the advocacy project the 
proportion of children using fluoride toothpaste has risen from less than 1% to 75% in 
schoolchildren.  A baseline survey conducted by the United Mission to Nepal Oral Health 
Programme (2001) in 111 schools in 6 urban centres revealed that 75% of the 4,221 
schoolchildren surveyed were brushing with fluoride toothpaste, but only once a day.  
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Approximately 15% of the schoolchildren were using fluoride toothpaste twice a day.  
Under controlled conditions, supervised brushing once a day with toothpaste fluoridated 
to 1000 ppm has demonstrated a reduction in caries increment ranging from 12-40% for 
different age groups compared to control groups brushing with non-fluoride toothpaste in 
a non-established market economy country (Adyatmaka et al., 2000).  Brushing twice 
daily or more with fluoride toothpaste has been shown to be more effective in reducing 
caries than once a day with fluoride toothpaste (Leske et al., 1976, Chesters et al., 1992).          
• Quality of fluoride toothpaste manufactured in Nepal may be variable.  Analysis of 
fluoride toothpaste manufactured in Nepal reveals that the total F and free ionised F 
concentration ranged from 400 ppm to 970 ppm of total fluoride and 150 to 770 ppm of 
free fluoride (Pradhan et al., 2002). 
 
The financial burden of treating caries in the age group 6 to 18 years in 2007 without 
the intervention of fluoride toothpaste will be compared to the potential effect of fluoride 
toothpaste in reducing the financial burden of disease for a range of caries increment 
reductions (10, 20, 40%).  The financial burden of caries without intervention of fluoride 
toothpaste and with intervention is calculated by applying the same mathematical formulas in 
the same sequence, as was used to estimate the financial burden of caries at base year 2002.  
The financial burden of caries for the range of caries increment reductions will be discounted 
to give the present value of the financial burden of treating caries, before the present value 
benefit is calculated by subtracting the present value of the financial burden of treating caries 
from the cost of treating caries in the base year 2002 (US$4,221,557). 
The following assumptions will be made in performing the calculations: 
1) 2% annual growth in the population of the age group (HMG Nepal, 2001).  The 
population figure used for year 2007 will be 8,300,458 which reflect this increase. 
2) A conservative increase in the 12-year-old DMFT from 0.9 in 2002 to 1.5 by year 2007 
without the benefit of fluoride toothpaste.  Analysis of caries epidemiological data 
collected over the last twenty years reveals that the 12-year-old DMFT is doubling 
almost every ten years (van Palenstein Helderman, 1998). 
RESULTS 
Table 1 summarises the financial burden of treating caries for the age group 6-18 years.  
Without the availability of fluoride toothpaste a projected increase in the 12-year-old DMFT 
from 0.9 to 1.5 by 2007 would result in a financial burden more than double the cost of 
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treating caries in base year 2002.  With the availability of fluoride toothpaste there is a 
potential saving in the cost of restorative treatment ranging from US$464,164 to 
US$2,125,857. 
 
 
The discounted financial burden of restorative treatment displayed in Table 2 was 
used to calculate the net present value and the benefit to cost ratio for caries increment 
reductions of 10, 20 and 40% projected for the year 2007 due to the potential impact of 
fluoride toothpaste (Table 3).  The NPV was US$594,466 for a 10% reduction, US$1,035,640 
for a 20% reduction and US$2,442,333 for a 40% reduction in caries increment. 
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DISCUSSION 
The sensitivity analysis shows that for US$1 spent on the advocacy project to increase the 
availability and consumption of fluoridate toothpaste; there is a potential savings in the direct 
cost of treating caries ranging from US$87 to US$356 for a sub-set of the Nepali population 
age 6 to 18 years over a period of 6 years.  This compares favourably with other public and 
community health measures to control caries such as water fluoridation  with a benefit-to-cost 
ratio of 80:1 (Easley, 1995), salt fluoridation  with a benefit-to-cost ratio ranging from 122:1 
to 203:1 (Estupinan-Day, 2000), sealants  with a benefit-to-cost ratio of 1.02:1 (Leverett et 
al.,1983) and fluoride mouthrinse which has been found to have a benefit-to-cost ratio of 
1.84:1 (Doessel, 1985). 
Further studies at a later date will help determine the accuracy of most assumptions 
made in this analysis. A caries epidemiological survey on 12-years-olds in 2007 will be 
revealing, as the 6-year-old cohort will have had 6 years of fluoridation.   
A monetary value was not assigned to:  
• Increased awareness of oral hygiene issues in the community 
• Improved knowledge of the relative effectiveness of fluoridated and non-fluoride 
toothpastes among the community including the dental profession and manufacturers of 
toothpastes. 
• Reduction in:   
 toothache 
 inability of children to eat  
 inability to sleep   
 progress of dental caries to systemic disease. 
• Reduction in indirect costs including reduction of:  
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 transport costs 
 accommodation 
 reduction in opportunity costs - such as food, shelter and education  
 
A criticism of this cost-benefit analysis is the inability to place a value on the above 
intangible outcomes and to the change in the quality of life.  When these benefits are not 
taken into consideration the NPV of the advocacy project is undervalued.  Additionally, due 
to the lack of good base line data concerning oral hygiene habits and fluoride toothpaste 
consumption, as well as the lack of information on the severity of caries for the age group 
under 6 years of age and above 18 year of age; the cost-benefit analysis was based on only a 
third of the population of Nepal.  The effect of fluoride toothpaste touches whole families and 
communities in Nepal.  This study using the cost-of-illness approach in calculating the NPV 
of the advocacy project fails to convey the full measure of the benefits of the advocacy 
project.  Adopting a willingness-to-pay approach would also suffer from limitations.  Due to 
the low awareness of oral health, low priority placed on restoring carious teeth in comparison 
to other health priorities and the inability to pay due to poverty, the direct cost component of 
dental treatment would be undervalued.   
SUMMARY 
Given the highly clinical nature of the dental profession it is important to be able to evaluate 
alternative approaches to the improvement of oral health rather than solely the clinical care of 
individuals.  
Despite the limitations of this cost-benefit analysis, the key research question in 
Nutbeam’s evaluation model (Nutbeam, 1998) has been answered: “Was the programme 
efficient?”. The cost benefit analysis presented shows the project was efficient and tangible 
benefits resulting from the intervention of fluoride toothpaste were quantified as well as the 
risks from having no intervention.   
Unlike other community fluoridation programmes, increased self-fluoridation of the 
mouth using fluoride toothpaste is sustainable long after the advocacy programme is 
terminated.  Financial, health and social benefits will continue to be accrued by Nepali 
society over many years.  Consumer demand for healthy smiles and mouths which feel, 
smell, taste and look good will continue to sustain the demand for fluoride toothpaste. 
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CHAPTER 7 
 
 
Gains in oral health and improved quality of 
life of 12-13-year-old Nepali schoolchildren: 
Outcomes of an advocacy project to fluoridate 
toothpaste 
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ABSTRACT 
Objectives: To report on gains in oral health and improved quality of life of 12-13-year-old 
Nepali schoolchildren five and six years after the introduction of fluoride toothpaste in 1999.  
Design: Cross sectional baseline surveys in 1999 and 2001, and follow up surveys in 2004 
and 2005 were stratified cluster sampling in design.  Setting:  Urban and rural schools in 
Central, Far Western, Mid Western and Western Developmental Regions of Nepal.  
Participants:  2,770 12-13-year-olds in 1999 and 1001 12-13-year-olds in 2004 were 
examined regionally.  637 12-13-year-olds from Kathmandu valley and 448 12-13-year-olds 
from Tansen municipality were examined in 1999.  The same schools in Kathmandu valley 
and Tansen were visited in 2005 and 761 and 482 12-13-years from Kathmandu valley and 
Tansen were examined.  6064 8-15-year-olds in 2001 and 1001 12-13-year-olds in 2004 
participated in the collection of information on oral hygiene practice and quality of life.  
Method: Examinations were carried out by trained and calibrated examiners using the WHO 
diagnostic criteria for caries and questionnaires were interview administered by trained 
interviewers.  Intervention:  Advocacy for fluoride toothpaste between 1997 and 2002.  
Results:  There was a 26.6% decline in caries prevalence and 38.0% decrease in 12-13-year 
old DMFT from 1999 to 2004 throughout four of five regions of Nepal.  Approximately 65-
75% of the 12-13-year-olds used fluoride toothpaste from 1999 to 2004.   School specific 
data reveals a reduction in DMFT of 43.8% in Tansen and 53.6% in the Kathmandu valley 
from 1999 to 2005.  From 2001 to 2004, report of oral pain decreased by 10%.    
Conclusions:  The most likely reason for the decline in dental caries and reduction in oral 
pain is the widespread consumption of fluoride toothpaste by the 12-13-year-old 
schoolchildren.   
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INTRODUCTION 
In response to the rising incidence of untreated dental caries in the Nepali child population1, a 
health promotion project to increase the availability and use of affordable fluoride toothpaste 
in Nepal was undertaken by the Oral Health Program of the United Mission to Nepal (OHP 
UMN) from March 1997 to March 20022.    With limited human and financial resources, a 
health promotion/ public health approach to the problem of untreated dental caries was 
considered to have a more long term impact than a biomedical approach to ‘treat away 
disease’.  Community fluoridation schemes such as water and salt fluoridation are proven 
cost-effective whole population methods for controlling dental caries3, but due to poor 
infrastructure and problems with quality control the choice of an appropriate fluoride vehicle 
for promotion in Nepal was restricted to ‘toothpastes’.  However, the availability and use of 
fluoride toothpaste was negligible prior to 1999.  Toothpaste manufacturers were 
subsequently targeted and successfully persuaded to fluoridate their toothpaste.  
Based on a health promotion evaluation model4, the advocacy project achieved health 
promotion outcomes including healthy corporate policies and healthy corporate action and 
intermediate outcomes such as increased availability and consumption of affordable fluoride 
toothpaste.  The ultimate measure of success of a health promotion project is evidence of 
improved health outcomes (quality of life, morbidity and mortality) and social outcomes 
(equity, independence and economics).   
The aim of this paper is to report on gains in oral health (decreased morbidity) and 
improved quality of life (decrease in oral pain) of 12-13-year-old schoolchildren, five   and 
six years after the introduction of fluoride toothpaste to Nepal in 1999.    
 
METHOD 
The paper compares prevalence and experience of dental caries, oral hygiene practices, 
experience of pain and quality of life data collected during the Nepal National Oral Health 
‘Pathfinder’ Survey 20045 and school specific data collected in 2005 with baseline data on 
caries experience collected in 19996 and baseline information on oral hygiene practices, 
experience of pain and its impact on quality of life gathered in 2001.   
 
Sample selection for caries experience 
The 1999 survey of 12-13-year-old schoolchildren was a stratified cluster sampling study 
conducted in ten sites along the Terai (plains) and foothills in four of the five Developmental 
Regions:  Central, Far Western, Mid Western and Western Developmental Regions including 
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the Kathmandu valley.  The Eastern Developmental Region was not represented.  The 
schoolchildren from 45 urban schools (35 government and 10 private schools) and 22 rural 
schools (all government schools) were examined between October, 1999 and November, 
2000.  A total of 3,323 12-13-year-olds were examined:  2,375 from urban schools (48% 
males, 52% females) and 948 from rural schools (49% males, 51% females).   
In the Nepal National Oral Health ‘Pathfinder’ Survey 2004, conducted between April 
26 and August 20, 2004, the ‘pathfinder’ design described in WHO Basic Methods7 was 
utilised with stratified cluster sampling for the random selection of schools. Nine rural and 
seven urban sites representing the five Development Regions and three physiographic 
divisions (Upper Hills, Middle Hills and Terai) were conveniently selected on the basis of 
accessibility, security and access to a large population of schoolchildren. The second stage 
sampling was random selection of government and private schools from a list of schools 
provided by the District Education Office. The survey incorporated a greater number of 
examination sites and sample size than recommended by the WHO pathfinder approach.  A 
total of 1047 12-13-year-olds (48.5% males, 51.5% females), 60% from urban centres and 
40% from rural villages representing 25 schools (18 government schools and 7 private 
boarding schools) were examined.  The mean age of the sample population was 12.6 years.   
12-13-year-olds from 11 schools in Kathmandu valley and 9 schools in Tansen 
municipality participated in the 1999 baseline survey.  Follow up school specific data was 
gathered by visiting the same schools between May and August, 2005.  Six hundred thirty 
seven (637) schoolchildren (41.4% males, 58.6% females; mean age 12.4 years) from 
Kathmandu valley and 448 schoolchildren (48.2% males, 51.8% females; mean age 12.6 
years) from Tansen were involved in the 1999 survey.  In 2005, 761 schoolchildren (41.3% 
males, 58.7% females; mean age 12.6 years) from Kathmandu valley and 482 schoolchildren 
(51.9% males, 48.1% females; mean age 12.5 years) were examined for dental caries and 
interviewed on brushing frequency and toothpaste usage. 
 
Diagnostic criteria and calibration of examiners 
All surveys were conducted under similar field conditions using the criteria for caries 
described in WHO Basic Methods.   Students were positioned supine on a bench or reclined 
in a chair and examined by gloved and masked examiners under natural light or with the aid 
of hand held torches or headlamps.  Six trained and calibrated examiners conducted the 1999 
and 2004 surveys.  The inter-examiner unweighted Kappa ranged from 0.80 to 0.95, while the 
intra-examiner unweighted Kappa ranged from 0.83 to 0.95 in 1999.  For the Nepal National 
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Oral Health ‘Pathfinder’ Survey 2004, the examiners received six days of training and 
calibration.  The mean inter-examiner unweighted Kappa based on DMFS was 0.92 (range of 
0.81 to 0.98) while the mean intra-examiner unweighted Kappa was 0.93 (range of 0.77 to 
0.98).  The 2005 follow up school specific survey examination was conducted by one 
examiner.  Intra-examiner unweighted Kappa was 0.88. 
 
Sample selection for oral hygiene practice, pain and quality of life 
The baseline oral hygiene practice, pain and quality of life study was conducted between 
March and November 2001.  The study sample was chosen by stratified sampling, in which 
the 4 urban and 7 rural centres of Far Western, Mid Western, Western and Central 
Developmental Regions were chosen from conveniently selected for their ease of 
accessibility at the first stage.  One hundred and forty one schools, both private and public, 
were chosen randomly at the second stage from a list of schools provided by the District 
Education Office.  6064 students (52.6% males, 47.4% females) aged 8-15 years participated 
in the study.  The mean age of the sample population was 11.5 years and the proportion of 
urban and rural students was 48.9% and 51.1% respectively. 
During Nepal National Oral Health ‘Pathfinder’ Survey 2004, the same one thousand  
and forty seven (1,047) 12-13-year-olds who were examined for dental caries were also 
interviewed.  Sample selection was described in the previous section.   
 
Data collection for oral hygiene practice, pain and quality of life 
The 2001 data collection instrument was interview administered by five trained oral health 
promoters in all selected schools. The questionnaire was originally formulated in English and 
translated into Nepali and pilot tested on 35 students, age 8-15 years, before refinement and 
administration in the main survey.  
In the Nepal National Oral Health ‘Pathfinder’ Survey 2004, the variables were 
formulated in English and translated into Nepali before testing on thirty 12-13-year –old 
schoolchildren by an interviewer and then adjusted again before testing a final time on the 
same age group.  Five dentists and 5 oral health promoters were trained to administer the 
questionnaire for the main survey. 
In both surveys, the subjects were asked to identify their toothpaste from a toothpaste 
chart displaying packaging of all common toothpaste brands marketed in Nepal.  The 
interviewers interpreted the responses as either fluoride or non-fluoride toothpaste. 
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Data entry and analysis 
Where more responses were allowed in the 2001 data collection instrument for oral hygiene 
practice, pain and quality of life; the responses were categorised to match the responses of the 
Nepal National Oral Health ‘Pathfinder’ Survey 2004. 
Data entry and data analysis was performed with SPSS Version 10.0.  Differences in 
mean DMFT scores and main outcome variables were analysed using the Mann-Whitney 
non-parametric test for two independent samples with the level of statistical significance set 
at 0.05. 
RESULTS 
Caries experience 
For all surveys the ‘decayed’ component of the 12-13-year-old DMFT constituted almost 
100% of the DMFT index.  Any decrease in DMFT was due to changes in the ‘decayed’ 
component of the indices.   
Tables 1 and 2 compare data collected in 1999 and 2004 for Far Western, Mid 
Western, Western and Central Developmental Regions by gender and location.   The Nepal 
National Oral Health ‘Pathfinder’ Survey 2004 data for Eastern Nepal (n = 46, caries 
prevalence of 37%, DMFT of 0.61 for 12-13-year-olds) and 1999 data from Baitadi, a rural 
site with localised endemic caries (n = 553, caries prevalence of 73% and DMFT of 2.8 for 
12-13-year-olds) were excluded from the analysis.  The DMFT for the schoolchildren of 
Baitadi was more than twice the DMFT for the study and the results were considered to be an 
anomaly for this analysis and report.   Data for schoolchildren from the Western municipality 
of Tansen and from Kathmandu valley in 1999 and 2005 are presented in Table 3 to provide 
school specific comparisons of caries prevalence and caries experience. 
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Oral hygiene practice 
Regional information on brushing frequency and consumption of fluoride toothpaste by 
schoolchildren in 2001 and 2004 is displayed in Table 4.  A statistically significant increase 
in the percentage of schoolchildren brushing more than once a day and using fluoride 
toothpaste was noted in 2004 compared to 2001.  In 2001, the proportion of urban and rural 
subjects using fluoride toothpaste was 79.1% and 61.3%.  In 2004, equal proportions of the 
urban and rural 12-13-year-olds reported brushing once a day but fluoride toothpaste usage 
was higher amongst the urban subjects (80.1%) than rural subjects (65.9%).  The fluoride 
toothpaste usage was similar for both males (74.2%) and females (75.3%). 
 
 
 
Report of oral pain and the impact of pain on quality of life 
In the 2001 survey of 6064 adolescent schoolchildren, 3254 (54%) reported never having 
pain, 2810 (46%) reported having experienced toothache in the past 12 months; and 1276 
(21%) reported having pain the week before the survey.   The Nepal National Oral Health 
‘Pathfinder’ Survey 2004 showed a significant decrease in the proportion of 12-13-year-olds 
residing in Far Western, Mid Western, Western and Central Developmental Regions 
experiencing oral pain (p<0.000). Three hundred and sixty (360) or 36% of the 1001 12-13-
year-olds reported having pain the past 12 months while 641 (64%) had not experienced pain.  
Seventeen percent of the 1001 subjects reported having pain at the time of the interview.  
Quality of life impacts include the inability to eat properly, sleep well, attend school, play and 
do their homework.  Table 5 details the number and proportion (percentage = number of 
reported impacts/number of subjects X 100) of reported impacts for 2001 and 2004. 
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DISCUSSION 
The validity and comparability of the results from the surveys are important issues in this 
report.  The caries epidemiological surveys utilised the same diagnostic criteria for the 
detection of dental caries outlined in WHO Oral Health Surveys Basic Methods.  Intra-
examiner and inter-examiner unweighted Kappa for the surveys were very good.  The 
examiners for the 1999 and 2004 survey were trained and calibrated by the same trainer who 
participated in the studies and in collecting school specific data in 2005. 
The possibility of minor sampling bias is acknowledged, since random selection of 
cities and villages was not performed for the surveys, and random selection of schools was 
not performed for the 1999 and 2001 surveys.   Multi-stage random proportional sampling in 
relation to demography, geography and ethnicity is ideal for developed countries with 
plentiful resources and good infrastructure.  Random selection of survey sites was not 
accomplished due to significant difficulties imposed by the rugged geography, lack of roads, 
unreliable transportation and political insecurity. Two sites surveyed in 1999, Tansen and 
Kathmandu valley, were accessible and were revisited in 2005 for the examination of 12-13-
year-olds from the same schools visited in 1999.      
Comparisons of baseline and follow up data show a statistically significant decline in 
prevalence of dental caries and caries experience in the 12-13-year-old cohort.   A 26.6% 
decline in caries prevalence and 38.0% decrease in DMFT are observed when regional data 
are evaluated (Table 1 and 2).  The declines were experienced equally by males and females 
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(Table 1), as well as urban and rural subjects (Table 2).  Analysis of 12-13-year-old school 
specific data from Tansen and Kathmandu valley show 30% and 37% declines in caries 
prevalence and 43.8% and 53.6% declines in DMFT (Table 3).    
Concomitant with a drop in 12-13-year DMFT, a decrease in the prevalence of oral 
pain was observed.   Although there has been 10% decrease in the prevalence of oral pain 
from 2001 to 2004 (p<0.000), the proportion of reported impacts has remained relatively the 
same.   No attempts were made during the surveys to separate oral pain due to dental caries 
sequelae and other causes.  A larger decline in reported oral pain would probably be expected 
if the baseline survey was conducted in 1999 rather than 2001. 
This decline of dental caries amongst 12-13-year-old Nepali schoolchildren and 
parallel experiences in developed countries during the 1970s and 1980s may be influenced by 
similar factors.  Along with fluoridated toothpaste, socio-economic factors such as GNP per 
capita, women working, percentage of children in secondary schools, and higher life 
expectancy at birth are correlated with the decline in caries experience of 12-year-olds in the 
1970's and early 1980's8.  Other contributing factors include changes in the pattern of sugar 
consumption, changes in diagnostic criteria9,10 and improvements in oral hygiene11.  
However, there is no good evidence to support that better oral hygiene by increased 
frequency of brushing with non-fluoridated toothpaste will reduce decay12,13.  Altering the 
population’s sugar consumption has resulted in decreased incidence and prevalence of dental 
caries.   Associations between indicators of population sugar consumption and the incidence 
of caries are very high,  r = +0.7214 .   When the supply of sugar was rationed during wartime, 
dental caries declined in Japan15, Norway 16and the United Kingdom17. 
Many of the factors mentioned above, except the use of fluoride toothpaste, play a 
minor role in the decline of caries in Nepal.  Nepal’s per capita GNP in 2000 was US$210 
and this has increased to US$230 in 200418. However, when the annual inflation rate of 5% is 
factored in, Nepalis have become poorer over the years.  The average life expectancy at birth 
has not changed over the years and remains at 56 years.  The prevalence of women 
breastfeeding has remained steady at 98% from 1996 to 200119. The gross and net enrolment 
rate of females in schools has improved little over the years and remains 12-15 percentage 
points behind that of males20.  Due to rapid urbanisation, sugar consumption has risen from 2 
kg/per capita/year in 1990 to 6.5 kg/per capita/year in 2004 (the Nepal Central Bureau of 
Statistics, personal communication) which is below the acceptable risk level of 15 kg/per 
capita/year21.  The political unrest in Nepal has not affected the supply of sugar.  The use of 
sugar substitutes such as sorbitol and xylitol may significantly reduce the incidence of dental 
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caries but such products are not added to foods manufactured in Nepal and the consumption 
of manufactured foods is not customary.  Fluoride in other vehicles such as water, salt or milk 
is not available to the Nepali population and there are no organised community fluoride 
programmes (e.g. fluoride mouthrinse, dietary fluoride supplements, professionally applied 
fluorides).  Ninety-five percent (95%) of the 700 samples of drinking water collected 
throughout Nepal between 1997 and 2000 had fluoride levels below 0.3mg/l and more than 
70% of the sites registered less than 0.1mg/l22.  Only one of the water samples collected 
during the National Oral Health Pathfinder Survey 2004 was found to have an adequate level 
of fluoride.  Examination of drinking water in Kathmandu valley and Tansen in 1997 and 
2005 also demonstrated non-efficacious amounts of fluoride, 0.10 mg/l and 0.02 mg/l of 
fluoride respectively.  Oral health care services are not a factor as 75% of the 12-13-year-olds 
of the National Oral Health Survey 2004 did not report visiting a dentist in the past year and 
none of the respondents reported receiving fluoride treatment. 
The decline of dental caries in Nepal is most likely attributable to the relatively low 
population sugar consumption and the widespread use of fluoride toothpaste.  Under 
controlled supervised conditions it is possible to achieve a 50-58% reduction in caries over a 
period of 3 years23 and a 12-40% reduction in caries increment over 3 years under field 
conditions24.   Clinical trials with toothpaste containing 1000 – 1500 ppm fluoride have 
generally achieved reductions in caries increments by 30% over 3 years25.  Nadanovski and 
Sheiham found a strong association between the volume of toothpaste sold and the decline in 
12-year-old DMFT in developed countries in the 1970s8.  The higher the percent of fluoride 
toothpaste sold, the greater the rate of 12-year-old DMFT reduction.   Prior to 1999 the 
market share of fluoride toothpaste in Nepal was negligible2.  Through successful advocacy, 
total market share of fluoride toothpaste was 65% in 1999 and 90% (900 tons) in 2002; 
mostly through the conversion of locally manufactured non-fluoride toothpaste to fluoride 
toothpaste.  The broad usage of fluoride toothpaste by the Nepali population did not require a 
change in the knowledge or behaviour of the Nepali consumer.  In 1999 the teeth examined 
had little or no exposure to fluoride toothpaste while in 2001 over 70% were using fluoride 
toothpaste.  Follow up information on oral hygiene practice by 12-13-year-olds in 2004 
reveal a 4.7% increase in the proportion of schoolchildren using fluoride toothpaste and a 
5.2% increase in the proportion of schoolchildren of that age group brushing more than once 
a day (Table 4).  Based on the information on oral hygiene behaviour and market share of 
fluoride toothpastes, this report assumes that 65-75% of the 12-13-year-old cohort used 
fluoride toothpaste from 1999 to 2004 and benefited from 5 years of self fluoridation of the 
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mouth.  Eighty five percent (85%) and 82% of the subjects in Tansen and Kathmandu valley 
reported using fluoride toothpaste in the 2005 school specific survey.    
  
SUMMARY 
When communities have poor access to whole population preventive strategies, advocacy can 
be a potent health promotion activity to facilitate access to scientifically proven preventive 
measures to transform oral health.  The advocacy process to fluoridate toothpaste in Nepal 
has led to measurable gains in oral health, improved quality of life, equity, independence and 
financial benefits26 for the Nepali adolescent schoolchildren.  
 
RECOMMENDATIONS 
The burden of poor oral health has been eased in Nepal, but many other low income nations 
do not benefit from the optimal use of fluorides.  Based on global estimates, about 500 
million people utilize fluoride toothpaste, 210 million have access to fluoridated water, 40 
million have access to fluoridated salt and 60 million benefit from fluoride mouthrinses, 
tablets and clinically applied fluorides27. Taking into account that the estimated global 
population for 2005 is 6.5 billion, and that those who have access to fluoridated water or salt 
might simultaneously use fluoride toothpaste, it can be safely assumed that only about 10 
percent of the world’s population benefit from the caries preventive possibilities of the use of 
fluoride (Chris Holmgren, personal communication).  There is an urgent need to advocate 
both locally and internationally to reduce oral health disparities.  The efficacious use of 
fluoride toothpaste in this context is an essential tool to make ‘Appropriate Fluoride for All’ 
(AFFA) a reality. 
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ABSTRACT 
Objective: Dental caries remains the most common disease worldwide and the use of 
fluoride toothpaste is a most effective preventive public health measure to prevent it.  
Changes in diets following globalization contribute to the development of dental caries in 
emerging economies.  The aim of this paper is to compare the cost and relative affordability 
of fluoride toothpaste in high-, middle- and low-income countries.  The hypothesis is that 
fluoride toothpaste is not equally affordable in high-, middle- and low-income countries.  
Methods: Data on consumer prices of fluoride toothpastes were obtained from a self-
completion questionnaire from 48 countries. The cost of fluoride toothpaste in high-, middle- 
and low-income countries was compared and related to annual household expenditure as well 
as to days of work needed to purchase the average annual usage of toothpaste per head.  
Results: The general trend seems to be that the proportion of household expenditure required 
to purchase the annual dosage of toothpaste increases as the country’s per capita household 
expenditure decreases. While in the UK for the poorest 30% of the population only 0.037 
days of household expenditure is needed to purchase the annual average dosage (182.5g) of 
the lowest cost toothpaste, 10.75 days are needed in Zambia.  The proportion of annual 
household expenditure ranged from 0.02% in the UK to 4% in Zambia to buy the annual 
average amount of lowest cost toothpaste per head.  Conclusion: Significant inequalities in 
the affordability of this essential preventive care product indicate the necessity for action to 
make it more affordable.  Various measures to improve affordability based on experiences 
from essential pharmaceuticals are proposed. 
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INTRODUCTION  
Globalization has provoked changes in many facets of human life, particularly in diet.  
Trends in the development of dental caries in population have traditionally followed 
developmental patterns where, as economies grow and populations have access to a wider 
variety of food products as a result of more income and trade, the rate of tooth decay begins 
to increase.  As countries become wealthier, there is a trend in greater preference for a more 
“western” diet, high in carbohydrates and refined sugars.  Rapid globalization of many 
economies has accelerated this process1  These dietary changes have a substantial impact on 
diseases such as diabetes and dental caries.2,3    The cariogenic potential of diet emerges in 
areas where fluoride supplementation is inadequate.4  Dental caries is a global health 
problem5  and has a significant negative impact on quality of life, economic productivity, 
adult and children's general health and development.  Untreated dental caries in pre-school 
children is associated with poorer quality of life, discomfort, and difficulties in ingesting food 
that can result in failure to gain weight and impaired cognitive development.6  Since low-
income countries cannot afford dental restorative treatment7 and in general the poor are most 
vulnerable to the impacts of illness, they should be afforded a greater degree of protection. 
By WHO estimates one third of the world’s population have inadequate access to 
needed medicines primarily because they cannot afford them.8  Despite the inclusion of 
sodium fluoride in the World Health Organization’s Essential Medicines Model List,9 the 
global availability and accessibility of fluoride for the prevention of dental caries remains a 
global problem. The optimal use of fluoride is an essential and basic public health strategy in 
the prevention and control of dental caries, the most common non-communicable disease on 
the planet.  Although a whole range of fluoride vehicles are available for fluoride use 
(drinking water, salt, milk, varnish, etc.), the most widely used method for maintaining a 
constant low level of fluoride in the oral environment is fluoride toothpaste.  As one of the 
key components of the WHO endorsed Basic Package of Oral Care,10 the promotion of 
affordable and effective fluoride toothpaste is important for improving equity in oral health.  
  The promotion of brushing twice a day with fluoride toothpaste is based on strong 
scientific evidence .11,12  The widespread use of fluoride toothpaste has been recognised as 
the single most important reason for the decline of dental caries in developed countries during 
the 1970s and 1980s.13  An example is the United Kingdom where the only organized 
preventive program has been that of water fluoridation but that only about 9% of the UK 
population benefit from optimally fluoridated water.14 The introduction of fluoride toothpaste 
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is the major most likely contributing factor to the decline in caries witnessed in the United 
Kingdom although other confounding factors inevitably play a role.  More recently, the 
decline in dental caries amongst school children in Nepal, a low-income country, has been 
attributed to improved access to affordable fluoride toothpaste in Nepal.15  For many low-
income nations, fluoride toothpaste is probably the only realistic population strategy for the 
control and prevention of dental caries since cheaper alternatives such as water or salt 
fluoridation are not feasible due to poor infrastructure and limited financial and technological 
resources.  The use of topical fluoride e.g. in the form of varnish or gels for dental caries 
prevention is similarly impractical since it relies on repeated applications of fluoride by 
trained personnel on an individual basis and therefore in terms of cost cannot be considered 
as part of a population based preventive strategy. 
Based on global estimates, about 500 million people utilize fluoride toothpaste, 210 
million have access to fluoridated water, 40 million have access to fluoridated salt, and 60 
million benefit from fluoride mouth rinses, tablets and clinically applied fluoride.5 Taking 
into account the global population for 2007 is estimated to be 6.6 billion it can be assumed 
that only about 12.5% of the world’s population benefit from the caries preventive 
possibilities of fluoride toothpaste. 
The use of an efficacious fluoride toothpaste is largely dependent upon its socio-
cultural integration in personal oral hygiene habits, availability and the ability of individuals 
to purchase and use it on a regular basis. The price of fluoride toothpaste is believed to be too 
high in some developing countries16 and this might impede equitable access.  In a survey 
conducted at a hospital dental clinic in Lagos, Nigeria 32.5% of the respondents reported that 
the cost of toothpaste influenced their choice of brands and 54% also reported that the 
availability of dentifrices influenced their choice.17 WHO endorses the development and use 
of affordable fluoride toothpaste and defines affordable toothpaste as “one that is available at 
a price that allows people on low income to purchase it”.18 To date there have not been any 
attempts to quantify affordability or to suggest a reasonable retail price which consumers 
might pay for fluoride toothpaste; nor has there been any research to evaluate the effects of 
affordability, purchasing, and utilisation.  The aim of this paper is to compare the cost and 
relative affordability of fluoride toothpaste in high-, middle- and low-income countries.  The 
hypothesis is that fluoride toothpaste is not equally affordable in high-, middle- and low-
income countries. 
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METHODS 
Study design 
A cross-sectional survey of fluoride toothpaste brands and the retail cost was conducted 
between December 2005 and March 2006.  Data was collected on a self-completion 
questionnaire that was distributed to dental associations, non-governmental oral health 
organisations and individuals around the world in 136 countries.  They were asked to provide 
in a tabulated format the brand name, the retail price and the quantity/package size for as 
many brands that could be identified on the local retail market. Several international brands 
were specified to facilitate comparison. Since the price of toothpaste often differs according 
to size sold, the price for a packaging size closest to 100g/100ml was asked. In addition, 
information was sought on the cheapest available fluoride toothpaste. 
Data entry and statistical analysis 
The study assumed the therapeutic dose of fluoride toothpaste to be a pea-sized amount 
(0.25g).  The annual cost of fluoride toothpaste in US dollars per person was based on the 
therapeutic dose used twice daily for a year, which amounts to 182.5g of toothpaste.19  
Toothpaste prices were obtained in national currency units.  The data for all brands 
reported were entered into Microsoft Excel and converted to the annual cost expressed in US 
dollars using international exchange rate data (xe.com).  In order to examine affordability, the 
prices were first adjusted to the year 2003 because the economic indicators used for 
comparisons were available most completely for that year.  The 2006 to 2003 price 
adjustment was done using the inflation, GDP deflators for the years 2003, and 2004, 
obtained from the World Bank World Development Indicators 2006.20 For 2005, the 2004 
GDP deflator was used because the 2005 deflator was not yet available.  
The adjusted 2003 price and economic indicator data were converted to a SAS dataset 
for calculation of the median price for each country as well as other statistics using PROC 
MEANS and PROC UNIVARIATE. Two sets of comparisons were made, one using all 
products for which prices were collected, the second using the four selected international (or 
multinational brands) and the brand available at the cheapest price only. The ratios were 
calculated to facilitate the analysis of affordability within countries and in order to make 
cross-country comparisons.  Household final consumption expenditures is the indicator used 
to evaluate affordability within the countries.20  The per capita 2003 household final 
consumption expenditures were calculated for the total population and by income group, to 
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allow for evaluation of the results by population segments, e.g. the poorest 30%, 50%, and 
70% of the population. The analysis of affordability expressed the cost of the annually 
recommended dose of fluoride toothpaste as a proportion of the available household 
expenditures required to purchase enough toothpaste for one person for one year at the lowest 
available price.  Affordability was also evaluated by estimating the number of days of work 
required to buy the recommended dose for one person for one year using the country’s per 
capita annual income (basis 250 working days). 
The measure chosen for affordability was the number of days needed to pay for one 
annual therapeutic dosage of toothpaste at the lowest price for the poorest 30% of the 
population.  According to Health Action International (HAI) a medication costing more than 
the equivalent of one day’s wages is considered unaffordable.21  
The data from this affordability comparison was ranked into high and low prices 
using the median number of days of household final consumption income needed to pay for 
one dosage of toothpaste using one day as the cut-off point. 
 
RESULTS 
A total of 136 countries were contacted and 45 countries responded. Prices were obtained for 
360 toothpaste products priced in 45 countries: 15 low-income, 17 middle-income, and 13 
high-income countries.  Economic data were available for 40 countries only, eliminating 3 
low-income and 2 middle-income countries from the analysis (317 products). Where only the 
chosen international brands and the most inexpensive toothpastes available were analysed, 
data from 39 countries were used for a total of 137 products.  
Comparison of the ratio of the lowest and median toothpaste prices to household final 
consumption expenditures, by country, showed that as the per capita income decreases the 
proportion of annual per capita income required for the annual therapeutic dose of toothpaste 
increases (Figure 1). For the poorest 30% of the population, the ratio for all toothpaste 
products surveyed ranges from 0.015% (U.K) to 4.3 % (Zambia) (median = 0.29; SD = 0.8, 
whereas the median for the total population is 0.07% (range 0.004%-0.8%; SD = 0.18%).  A 
similar range and standard deviation were observed for prices for the selected international 
and the cheapest available brands only as proportion of annual household final consumption 
expenditures per capita for the poorest 30% of the population.  
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Figure 1. Toothpaste (annual dosage) at lowest price as a proportion of annual household 
expenditures per capita. 
 
 
Affordability is illustrated in Figure 2 with ratios of the lowest price of toothpaste as a 
proportion of one workday of per capita income for all brands for the three income 
distribution levels.  Countries are ranked by household final consumption expenditures from 
highest on the left to lowest on the right. The resulting estimates for the number of workdays 
needed to pay for one annual dose of toothpaste per person at the lowest price for the poorest 
30% of the population, range from 0.03 days in the United Kingdom to 10.75 days in Zambia 
(SD=1.88), while for the same countries over the total population the range was 0.01-2.   The 
range and standard deviation for the poorest 30% of the population is comparable for both the 
selected international brands and the lowest price brands.   
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Figure 2.  Days of household expenditures to pay for toothpaste (one person, one year) at the        
lowest price. 
 
When viewed by country category for all product brands surveyed in 40 countries, the 
prices for the poorest 30% of the population in each of 9 of the 12 (75%) of the lowest 
income countries were categorized as high, while prices in 6 of 15 (40%) of the middle-
income countries were high.  None of the high-income countries fell into the high category.    
As wealthier income groups were aggregated into the ratio the price category changed to the 
point where, for the total population toothpaste seemed expensive in only 4 (33%) of the low 
income countries and none of the middle income countries.   Nonetheless for the lowest 
income countries the price remained in the high category in 7 of 12 countries for 70% of the 
population.  In general, global brands seem to be more expensive than the generic brands.  
Limitations of the study 
This investigation is not a comprehensive study on fluoride toothpaste affordability as only 
24% of all World Bank member countries (184) participated in the survey. In addition, the 
data were predominantly collected from urban retail shops, chosen by convenience.  
Variations in retail cost of toothpaste and even of the same brands may occur within 
countries, between urban and rural markets and between countries due to natural factors (e.g. 
size of packaging, transportation costs) structural factors (e.g. local taxation and business 
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regulations) and market conditions22.  Larger retailers or wholesalers can charge lower prices, 
than small shops; whereas bargaining in street markets may result in lower prices. 
The World Health Organization (WHO) and Health Action International (HAI) are 
field-testing a methodology for detailed country studies of affordability and costs of 
medicines within and between countries.21  While this study was not designed using the 
WHO/HAI Medicine Prices protocol, in as much as possible the study adapted methodologies 
recommended in the protocol.  The cross-sectional, multi-country nature of the study and 
prices obtained from retail outlets prevented the same comparisons.   
Global indicators used to facilitate comparisons 
WHO/HAI suggests comparing “the cost of therapy with the daily wage of the lowest paid 
government worker.”21.  The current study did not utilise wage information since it was not 
readily available; instead, household final consumption expenditures were used as a proxy for 
annual income.   
The authors of this study recognise that all indicators, whether household data, 
income distribution or total health expenditure, possess limitations which make cross-country 
comparisons difficult.  Therefore, future assessments of fluoride toothpaste affordability may 
benefit from the application of ‘research triangulation’23 as well as the use of multiple indices 
to further investigate this issue.  
Ratios were calculated for the poorest 30%, 50% and 70% of the population and the 
total population. The ratios for the poorest 30% and the total population are reported to 
provide a sense of the difference in impact on the total population, compared to the strata of 
the poorest sector of the population with the greatest health needs and least access to services, 
including health and dental services.  Access to a preventive measure like fluoride toothpaste 
has a potentially huge positive impact on these populations. 
 
DISCUSSION 
Inequities in global affordability of fluoride toothpaste 
The results of this study clearly demonstrate significant inequities in the affordability of 
fluoride toothpaste.  There is a general trend where the poorer the country, the larger the 
proportion of the household expenditure that is needed to pay for one annual dosage of 
toothpaste for one person.  In the 13 high-income nations the cost of toothpaste represents 
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less than 0.1% of per capita household consumption expenditures, ranging from 0.004% to 
0.041%.  Toothpaste products surveyed in the middle- and low-income countries showed the 
proportion of household expenditure required to acquire one annual therapeutic dose of 
toothpaste is considerably larger and variable. 
Two publications connected to the WHO-HAI studies state that a treatment regimen 
costing one to five days is considered expensive, and that these numbers are debatable.24  
While fluoride toothpaste is considered essential for the prevention of dental decay and its 
use should be part of daily hygiene, it should be more accessible and cheaper than life-saving 
medicines. On the basis of the survey results we suggest that a different metric is needed to 
establish a threshold for affordability, wherein the ability to pay of the poorest income 
groups, as well as a viable sales price are taken into account. 
 
Measures to reduce the costs of fluoride toothpaste 
Equity Pricing 
Equity pricing is based on the principle that the poor should pay less for, and have better 
access to an effective preventive product.  The price of fluoride toothpaste should be fair, 
equitable and affordable, even for poor communities. The same brand of toothpaste should be 
available at different prices in different countries in accordance with the peoples’ purchasing 
power. 
Taxes and tariffs on fluoride toothpaste sometimes significantly contribute to higher prices, 
lower demand and inequity since they target the poor. Toothpastes are usually classified as a 
cosmetic product and as such often highly taxed by governments.  For example, various taxes 
such as excise tax, VAT, local taxes as well as taxation on the ingredients and packaging 
contribute to 25% of the retail cost of toothpaste in Nepal and India, and 50% of the retail 
price in Burkina Faso.  In many developing countries essential preventive products, such as 
insecticide-treated mosquito nets, vaccines, contraceptives and oral rehydration salts, are 
exempt from import taxes or benefit from partial tax relief.25  Olcay and Laing24  found that 
pharmaceutical tariffs could be eliminated without adversely impacting on government 
revenue or industrial policy.  There is also a significant negative relationship between the 
levels of tariffs and access to essential medicines.  Analysis suggests that a 1% reduction in 
taxation will increase access to essential medicines by approximately 1%26. These findings 
Removal of taxation and tariffs 
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may also be valid for fluoride toothpastes; hence, WHO continues to recommend the removal 
taxes and tariffs on fluoride toothpastes.5,27  Any lost revenue can be restored by higher taxes 
on sugar and high sugar containing foods28 which are common risk factors for dental caries, 
coronary heart disease, diabetes and obesity.29  Along with tax relief on quality fluoride 
toothpaste, taxation of non-fluoride toothpaste, which has little preventive properties30,31 
would encourage consumers to make ‘healthy choices the easy choices’. Any savings from 
tax relief on fluoride toothpastes must however be passed on to the customer. 
Generic competition  
Generic competition has been a powerful strategy for reducing drug prices and may have the 
same potential for increasing the availability and affordability of toothpastes.  During the first 
half of the 1980s, world market prices for drugs on the WHO Model List fell by 40% through 
increased demand and competition32; while in Brazil the price of AIDS drugs fell by 82% 
over 5 years as a result of generic competition.  In Myanmar, generic fluoride toothpaste is 
manufactured and distributed by the government – it is 3.5 times less expensive than the most 
expensive imported brand.33  Social marketing has been successful in the prevention of 
HIV/AIDS and malaria34,35and has been proposed for increasing the availability and 
affordability of fluoride toothpaste.36 
Encouraging local production 
The production of toothpaste within a country has the potential to make fluoride toothpaste 
more affordable than imported products. In Nepal, fluoride toothpaste was limited to 
expensive imported products.  However, due to successful advocacy for locally manufactured 
fluoride toothpaste, the least expensive locally manufactured fluoride toothpaste is now 170 
times less costly than the most expensive import.37  In the Philippines, local manufacturers 
are able to satisfy consumer preferences and compete against multinationals by discounting 
the price of toothpaste by as much as 55% against global brands; and typically receive a 40% 
profit margin compared to 70% for multinational producers.i  
Approximately 40% of the cost of production of toothpaste is related to the packaging, 
another 40% to the ingredients and 20% to labour.38  High quality low cost fluoride 
toothpaste can be produced using (cheaper) precipitated calcium carbonate without 
interfering with the in vitro anti-caries efficacy.39  Many countries use sachet packaging 
Inexpensive ingredients and packaging 
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(10ml) which make fluoride toothpaste more affordable to the poor who cannot afford a one-
time expenditure for a larger quantity.  
In order to achieve these measures, advocacy by international health organisations such as the 
WHO and the FDI World Dental Federation, as well as national advocacy by oral health 
stakeholders, is required in order to: 
• Transform government policies and regional trade policies to eliminate taxation of 
quality fluoride toothpaste; 
• Encourage generic and local production of affordable fluoride toothpaste; 
• Encourage multinational toothpaste manufacturers to implement differential pricing 
for poorer countries and reduce the cost of toothpaste through inexpensive packaging 
and cheaper ingredients. 
 
CONCLUSION 
World experts at a conference on “Oral Health through Fluoride for China and Southeast 
Asia” on September 18-19, 2007, in Beijing, China, have confirmed that: “fluoride toothpaste 
remains the most widespread and significant form of prevention of and protection against 
tooth decay used worldwide. It is also the most rigorously evaluated vehicle for fluoride 
use.”40  In view of the current extremely inequitable use of fluoride throughout countries and 
regions, all efforts to make fluoride and fluoride toothpaste affordable and accessible must be 
intensified.  As a first step to addressing the issue of affordability of fluoride toothpaste in the 
poorer countries in-depth country studies should be undertaken to analyze the price of 
toothpaste in the context of the country economies.  
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ABSTRACT 
This prospective controlled randomized clinical trial investigated the effectiveness of a single 
spot application of two concentrations of silver diamine fluoride (SDF); with and without the 
use of tannic acid from tea as a reducing agent in arresting caries and preventing new caries 
lesions in the primary teeth of Nepalese schoolchildren (n=976). They were assigned to four 
groups:  the first group received an application of 38% SDF; the second received 38% SDF 
followed by a spot application of tannic acid ;  the third were treated with 12% SDF while the 
fourth group was the control.  The subjects were re-examined after 6 months, 1 year and 2 
years.  A single application of 38% SDF with or without tannic acid application was 
significantly more effective in arresting dentine caries in the deciduous dentition than 12% 
SDF or no application (control), but was not effective in preventing new caries. Tannic acid 
from tea used as a reducing agent did not provide additional benefits.  
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INTRODUCTION 
Untreated dental caries is a global pandemic (Edelstein, 2005). Due to limited financial 
resources, poor dental awareness, lack of access to basic oral care and high cost of restorative 
treatment, children of low-income nations have their general health, growth and development, 
social well being and education opportunities impacted by untreated dental caries (Baelum et 
al., 2007).  Arresting Caries Treatment (ACT) has been proposed to manage untreated dental 
caries in children of disadvantaged communities (Bedi and Sardo-Infirri, 1999).  Silver 
diamine fluoride (SDF), Ag(NH3)2F,  has been used to arrest caries since 1969 (Nishino et 
al., 1969; Nishino and Yoshido, 1969; Yamaga and Yokomizo, 1969). Yearly applications of 
38% silver diamine fluoride (44,800 ppm F) on decayed primary anterior teeth of Chinese 
pre-schoolchildren was shown to be significantly more effective in arresting caries and 
preventing new caries than application of sodium fluoride varnish every three months (Chu et 
al., 2002; Lo et al., 2001).  In a Cuban study, 38% SDF applied six-monthly demonstrated 
clinical effectiveness in arresting caries and preventing new caries in the dentition of 6-15-
year-old schoolchildren over a three-year period (Llodra et al., 2005).    
This current study compares the effectiveness of a single spot application of two 
concentrations of SDF, 38% and 12%; with and without the use of tannic acid from tea as a 
reducing agent in arresting caries and preventing new caries lesions in the primary teeth of 
Nepalese schoolchildren. The priori null hypotheses are: 1) that the different treatments when 
compared to no treatment have no effect in arresting caries and 2) that there is no difference 
in preventing new caries lesions between the treatment groups and the no treatment group. 
 
MATERIALS & METHODS 
This prospective controlled randomized clinical trial on a cohort of 976 kindergarten and 
primary schoolchildren, 545 males (56%) and 431 females (44%), with ages ranging from 3-9 
years and a mean age of 5.2 (SD=1.2) years, was conducted in Kathmandu, Nepal, a city with 
low fluoride content drinking water (0.03 ppm). Fluoridated toothpaste is available in the 
shops but the subjects received neither professionally applied fluorides nor fluoride 
supplements. Treatment commenced between May 23 and August 22, 2005 and the subjects 
were re-examined after 6 months, 1 year and 2 years. The study was approved by the Ethics 
Committee of the Nepal Health Research Council. Written information explaining the study 
was sent to the parents. As well as obtaining a written consent from the parents, verbal 
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consent was obtained from the children prior to commencing the study. The parents and the 
subjects were at liberty to withdraw from the study at any time during the study.   
      The SPSS statistical programme (version 10.0) was used to randomly allocate the  
subjects to one of the treatment groups/protocols:  
Group 1:  One application of 38% SDF for 2 minutes without a reducing agent. 
Group 2:  One application of 38% SDF for 2 minutes, using of tea as a reducing agent.  
Group 3:  One application of 12% SDF for 2 minutes without a reducing agent.  
Group 4:  No treatment for carious teeth.  This is the control group. 
  38% Silver Diamine Fluoride (44,800 ppm F) from Bee Brand Medical Dental 
Company Ltd., Osaka,  Japan and 12% Silver Diamine Fluoride from PROBEM - Lab. Prod. 
Farmacêuticos e Odontológicos LTDA,  São Paulo, Brazil were used to treat the teeth.  
Tannic acid was prepared by slowly boiling  2 (Mechhi brand) teabags in 300 ml. (8 ounces) 
of water for 10 minutes. 
 Prior to treatment the subjects brushed their teeth with a toothbrush without toothpaste 
and rinsed with water. The carious primary teeth were isolated and kept dry with cotton rolls 
and any debris was removed using cotton pellets. No decay was removed. A small amount 
(one drop) of SDF onto a plastic dappen dish and a Vivabrush #533664 type was used to 
apply the SDF onto the carious surface of the primary teeth for 2 minutes. Any remaining 
SDF left in the dappen dish was applied to the sound surfaces of other primary teeth. If the 
protocol required the application of a reducing agent, tannic acid solution was applied onto 
the SDF treated surface using a cotton pellet until the area turned dark brown. The excess was 
removed by blotting gently with another cotton pellet. After treatment the subjects were 
asked not to eat or drink for one hour. All subjects received a free tube of fluoridated 
toothpaste and a toothbrush only at the commencement of the study. Subjects with painful 
teeth or abscessed teeth were offered free extraction treatment. 
 Trained primary health care workers carried out the treatment and collected 
information on oral health behavior, quality of life, and socio-economic status. A dentist 
(RY) and a dental therapist (DL) performed the baseline examinations and the follow up 
examinations were carried out by the same dental therapist at 6, 12 and 24 months, blind to 
the subjects’ treatment group assignment.  
  All examinations of the schoolchildren were carried out in the school courtyard or in a 
well-lit classroom. The subjects were positioned supine on a bench or table and examined by 
the gloved and masked dental examiners using LED headlamps. The teeth were examined 
with mouth mirrors and cotton pellets were used to dry the teeth and wipe away gross debris. 
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A sharp sickle probe was used, gently passing the tip over the entire surface of the cavity to 
detect and confirm visual evidence of caries. Pits and fissures were not probed with a sharp 
sickle probe in order to prevent the risk of fissure damage.     All instruments were cleaned 
with soap and water, disinfected in 0.5% bleach for 20 minutes and then rinsed in clean water 
before towel drying.   
 Ten percent of the schoolchildren were re-examined to determine reproducibility of the 
recordings. Each surface of the tooth was classified according to the criteria displayed in 
Table 1. Surfaces with arrested caries were defined as surfaces with active cavitated caries 
(d2) at baseline that changed into surfaces with inactive cavitated caries at follow-up 
examination. Surfaces with new caries were defined as sound or initial caries surfaces at 
baseline that changed into surfaces with active or inactive cavitated caries or surfaces with a 
filling. 
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Statistical analysis 
Estimation of the sample size was based on two outcome variables, 1) expected number of 
arrested caries surfaces and 2) expected number of new caries surfaces. Power of the study 
was fixed at 80% (β = 0.20), with α = 0.05 as significance level. On the basis of a difference 
of 1 in mean number of arrested caries surfaces between groups and a standard deviation of 
3.5 (Llodra et al., 2005), the sample size was estimated to be around 160. With this sample 
size it would be possible to assess a difference of 0.6 in mean number of new caries surfaces 
between groups with a standard deviation of 2 (Llodra et al., 2005). Taking into account the 
expected drop outs over a 2-year period, the sample size was increased to around 240 per 
group.  
The data were entered into a computer and analyzed with SAS 9.1 software. Chi-
square tests were applied to determine differences in the distribution of children’s ethnic 
background, parent’s education and occupation, report of oral pain, brushing habits and use 
of fluoridated toothpaste between the four groups. Chi-square tests were also used to 
determine differences in number of drop outs among the four groups. Differences found in 
the data of the four groups regarding mean age, dmft, ds, d2s, mean number of non-vital 
teeth, mean number of surfaces with arrested caries, and new caries were tested with analysis 
of variance (ANOVA). In case of a significant ANOVA test, differences between groups 
were tested with student’s t test with Bonferroni correction for multiple testing. Inter-
examiner reproducibility at tooth surface level at baseline and intra-examiner reproducibility 
at follow-up examinations were measured by the Kappa statistic.  
 
RESULTS 
Since inter-examiner consistency in scoring ‘initial caries’ at baseline was only 47%, the 
‘initial caries’ scores were collapsed into the ‘sound’ score category prior to the analysis of 
the data.  Unweighted inter-examiner Kappa at baseline examination was  0.81 and intra-
examiner Kappa were 0.80 (RY) and 0.81 (DL), while intra-examiner unweighted Kappa at 6 
month, 1 year and 2 year follow up examinations were 0.85, 0.86 and 0.93 respectively.   
Although the children were randomized over the four groups, the mean age of the 
children of group 1 was significantly lower than the mean age of children in the other groups 
(Table 2). At baseline, 66% of the children reported brushing once a day with fluoride 
toothpaste. The children’s ethnic background, parent’s education and occupation, report of 
oral pain, brushing habits and use of fluoridated toothpaste were similarly distributed in the 4 
groups (X2 test, p>0.05).  Table 2 shows the caries data and the mean number of non-vital 
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teeth of the four groups at baseline. Since missing teeth due to caries and filled teeth were 
very low, the dmft was almost exclusively formed by the ‘d’ component. No statistically 
significant differences were found in the caries data among the four groups at baseline 
(ANOVA p>0.05).  
 
 
 
The number of children who were examined at 6, 12 and 24 months were 908, 768 
and 634, respectively; resulting in drop out rates of 7%, 21% and 35%. The drop out rates in 
the four groups were similar (X2 test, p>0.05). The parents’ educational level, ethnicity, 
brushing habits and the use of fluoride toothpaste were similar for the drop outs and for the 
subjects remaining in the study at 24 months (X2 test, p>0.05). There were no significant 
differences in baseline caries parameters between children lost to the follow-up and those 
remaining in the study at 24 months (ANOVA p> 0.05).  
At 6, 12 and 24 months, the mean number of arrested carious surfaces was 
significantly higher in the two groups treated with 38% SDF than in the 12% SDF and the 
control group (Table 3).  The difference observed at 6 months decreased with time but 
remained statistically significant. There was no significant difference in the mean number of 
arrested carious surfaces between the 38% SDF and the 38% SDF + tannic acid group nor 
between 12% SDF and the control group throughout the study period of 24 months. There 
was also no significant difference between the groups in the mean number of non-vital teeth 
at any time. At the end of the study, the mean number of new carious surfaces was not 
significantly different between the groups (Table 4).  
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DISCUSSION 
This is the first clinical trial which evaluates the effectiveness of two different concentrations of 
SDF, the effect of a reducing agent and a one time application of SDF.  It was relevant to 
determine the effectiveness of a single application of SDF since it was deemed that repeated 
applications of SDF as has been undertaken in other clinical studies of SDF would be 
impractical and unaffordable to the local community even though the SDF was applied by 
trained primary health care workers.  Moreover, since many children of disadvantaged 
communities move frequently they would not be available for a follow up application.  Some 
concerns have been raised over dental fluorosis and accidental toxic overdose from the routine 
use of 40% silver fluoride which has the same mode of action as SDF (Gotjamanos and Afonso, 
1997; Gotjamanos, 1997).  Although these concerns have been refuted (Neeshan, 1997), the 
application of lower concentrations of SDF with less frequency would alleviate such concerns.  
 The use of a reducing agent such as 10% stannous fluoride (Craig et al., 1981) or 
polyacrylic acid  has been advocated to accelerate the deposition of silver phosphate which 
results in the instantaneous black discoloration of the area indicating that a successful reaction 
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has occurred and minimizing the risk of SDF being washed away or contaminated by saliva. 
However, these two products are difficult to obtain in low- income countries and tannic acid 
from boiled tea has been recommended as an available inexpensive substitute.   
  The large proportion of drop outs from the study (35%) at 24 months is due to a school  
closing down and to the mobility of the parents.  This did not have any effect on the results  
since the 4 groups, as well as the drop outs and those remaining in the study, were similar in  
all other respects. 
The results of this study support the first and the second hypothesis for the application 
of 12% SDF. This agent had no significant effect on arresting caries and on new caries 
development. For a single application of 38% SDF, the first hypothesis was rejected and the 
second hypothesis supported. A single application of 38% SDF with or without the use of tea 
as a reducing agent was significantly more effective in arresting dentine caries both in the 
anterior and posterior deciduous dentition of young children than 12% SDF or no application 
(control). However the arresting caries effect seems to decrease slowly over time, since the 
effect at 24 months was less than at 6 month follow-up. A single application of 38% SDF was 
only sufficient to prevent 50% of the arrested surfaces at 6 months from reverting to active 
lesions again over 24 months. The effect of tannic acid from boiled tea does not appear to 
have any significant positive or negative effect on the outcomes of the study compared to 
38% SDF alone. A single application of 38% SDF had no effect on the development of new 
caries over a 24 months period.  
Significantly fewer new carious surfaces were observed in the SDF groups compared 
to the control of both the Cuban and the Chinese studies (Chu et al., 2002; Llodra et al., 
2005).  In the Cuban study SDF was applied every 6 months and in the Chinese study, it was 
applied yearly, in contrast to our study where SDF was applied only once. The difference in 
application frequency might explain the different results.  
The advantages and disadvantages of this ACT approach have been elucidated in the 
previous studies (Chu et al., 2002; Llodra et al., 2005).  The black discoloration of the 
carious dentine after SDF treatment is probably the most notable undesirable side effect. This 
staining may be eliminated by applying potassium iodide (KI) after the SDF application 
(Knight et al., 2006); however, the effectiveness of KI/SDF has to be evaluated. In this 
current study, there were no adverse effects and no complaints from either parents or the 
children concerning the SDF treatment. 
The outcomes of this 24 month SDF study on the anterior and posterior deciduous 
teeth show that:  a single spot application of 38% SDF is effective in arresting carious lesion 
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with the effectiveness decreasing with time; 12% SDF is not effective; tannic acid from tea as 
a reducing agent does not provide added benefits; and a single application of SDF is not 
effective in preventing new caries.  
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Summary 
Nepal is a small country of 147,181 square kilometres located between China to the north and 
India to the south.  It is approximately 3.5 times the size of the Netherlands with a population 
of 28 million people from more than 60 ethnic groups.  Nepal has three distinctive 
geographical regions: the Terai (plains), the hills and the mountains. Its rugged topography is 
a significant barrier to development.  Approximately 80% of the population live in rural areas 
with limited access to health and educational facilities.  As of 2007, the number of registered 
dentists was approximately 500, with 85% of them working in urban centres.  In 2007 
Nepal’s GDP per capita was US$330 which qualifies it as the least developed country in 
Southeast Asia1.  It has been a democratic country since 1990 but for the last 10 years Nepal 
has been troubled by armed conflict between  Maoist rebels and the government. 
 
In the 1990s there was concern that rapid urbanization in Nepal was leading to increased 
accessibility to western foods  resulting in an increase in the incidence and prevalence of 
dental caries2.  Although the level of dental caries at that time was reported to be low (12-
year-old DMFT of 0.913), analysis of epidemiological data collected from the late 1970s to 
the mid-1990s showed a trend of increasing dental caries amongst the Nepalese child 
population4.  A non-randomised WHO Pathfinder Survey (Chapter 2) conducted in 1999 in 
private and government rural and urban schools at 10 sites along the plains and the foothills 
in 8 districts of western and central Nepal confirmed that dental decay had increased in the 
12-13-year-old age group (n = 3323).  The caries prevalence and mean dmft score of the 5-6-
year-olds (n=2177) was 67% and 3.3 (urban 64% and 2.9; rural 78% and 4.0).  In both age 
groups the unmet treatment needs expressed as a ratio of the proportion of the mean decayed 
teeth (d or D) to the mean DMFT or dmft of the study population approached 100%.  The 
caries prevalence and mean DMFT score of the 12-13-year-olds was 41% and 1.1 (urban 
35% and 0.9; rural 54% and 1.5) which represents an increase of 20% when compared to the 
DMFT of 0.91 reported in 19944.  These comparisons should be viewed with caution due to 
differences in examination procedures, survey sites and sample size between surveys.   
 
Since Nepal was and still is one of the poorest low-income nations, it had neither the 
financial nor the human resources to adopt a curative approach to the problem of increasing 
dental caries through restorative treatment.  Chapter 3 highlights the financial burden for 
Nepal and other low-income nations if a restorative option for the management of decay is 
chosen.  The objective of the study was to determine whether low-income countries had 
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sufficient health dollars to treat dental caries and provide an essential health care package to 
treat common childhood diseases.   An essential health care package is composed of public 
health (preventative) and health care service interventions in low-income countries directed at 
the ten disease conditions:  respiratory infections, malaria, diarrhoea diseases, protein-energy 
malnutrition, Vitamin A deficiency, iodine deficiency, intestinal helminths, congenital 
malformation, perinatal morbidity and mortality, and diseases preventable through 
immunisation. Properly delivered, the essential package of health care would eliminate 21% 
to 38% of the burden of mortality and disability in children under 15 years in developing 
countries.  The cost of the essential health care package for children would amount to US$ 
7000 per 1000 children per year in low-income countries5. The public health component of 
the essential package (school health programmes, expanded immunisation, micronutrient 
supplementation, and essential public health interventions) would cost US$ 4000 per 1000 
children per year.  The cost of treating existing and future caries by the restorative approach 
was assessed using WHO dental databases and spreadsheet calculations of costs based upon 
population projections, prevalence and trends in patterns of caries. The research revealed that 
more than 90% of the dental caries remains untreated in low-income countries. Calculations 
revealed that to restore the permanent dentition of the child population from 6 to 18 years of 
age in low-income nations using traditional amalgam restorative dentistry would cost 
between £1024 ($US1618) and £2224 ($US3513) per 1000 children.  At £1024 ($US1618), 
the cost of restorative care would exceed the available resources for the provision of the 
public health component of the essential health care package for 15 of the 48 low-income 
countries, while a cost of £2224 ($US3513) per 1000 children would exceed the available 
resources for the provision of the public health component of the essential health care 
package for the children of 29 of 48  low-income countries. The study concluded that treating 
caries with the traditional method of restorative dentistry was beyond the financial 
capabilities of the majority of low-income nations as three-quarters of these countries did not 
even have sufficient resources to finance an essential package of health care for their 
children. 
 
It was therefore considered that a public health approach to prevent dental caries rather than a 
curative approach was the only feasible way to address the problem of  dental caries in Nepal. 
The rationale for the most realistic fluoride strategy for Nepal is explained in Chapter 1.  
The main fluoride strategies aimed at maintaining a constant ambient low-level concentration 
of fluoride in the oral cavity without the need for professional application which were 
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considered for Nepal included water fluoridation, salt fluoridation, milk fluoridation and 
fluoride toothpaste. Unfortunately, fluoride testing of drinking water from more than 800 
sites throughout the country showed that fluoride concentrations were below the therapeutic 
level6. Fluoridation of the public water systems in Nepal was deemed to be a unrealistic 
option in reaching a large proportion of the population since 80% of the population live in 
rural communities and centralized water systems in urban centres were of poor quality.  The 
fluoridation of salt in Nepal was investigated but the feasibility of this strategy was 
questionable because of the various forms and sources of salt consumed in Nepal, poor 
infrastructure and quality control, and problems with distribution.  Milk fluoridation was not 
an appropriate strategy either since only a small minority of Nepalese consume processed 
packaged milk.  The promotion of brushing with fluoridated toothpaste was the best 
preventive strategy for Nepal since brushing at least once a day in the morning is a Nepalese 
cultural habit.  However, fluoride toothpaste was neither readily available nor affordable to 
most Nepalese and was limited to expensive imports accessible mostly to consumers in 
Kathmandu. 
  
In response to this situation the United Mission to Nepal Oral Health Programme (UMN 
OHP) decided to advocate for the increased availability and utilisation of affordable 
fluoridated toothpaste in Nepal (Chapter 4).  The process of advocacy was based on 
Tearfund’s advocacy cycle and was undertaken between March 1997 and March 2002, 
targeting local producers of toothpaste.  Methods used for advocacy included: development 
of the toothpaste fluoridation information kit; email and letter writing; personal meetings with 
dentists; personal meetings with decision makers of local toothpaste manufacturing 
companies; and multimedia powerpoint and slide presentations to large groups.  Prior to 
implementation of the advocacy project the estimated market share of fluoridated toothpaste 
was negligible. By March 2002 the health promotion project led to the manufacture of 
fluoridated toothpastes in Nepal by two major international manufacturers of toothpaste 
namely Nepal Lever Ltd. and Colgate Palmolive and by four smaller local producers.   
Approximately 90% of the 900 tons of toothpaste sold in 2002 was fluoridated, mostly 
through the conversion of non-fluoride toothpaste to fluoride toothpaste.  Most consumers 
benefited from the change without having to consciously change their brand of toothpaste, 
attitude, knowledge or behaviour.  
 181 
The number of brands of fluoridated toothpastes increased from 5 in 1998 to 22 in 2002, with 
6 of the fluoridated brands manufactured in Nepal.  The locally produced fluoride toothpastes 
were less expensive than the imported fluoridated brands.  Therefore, the advocacy project 
not only met its primary objectives of increasing the availability and utilization of fluoride 
toothpaste, but also resulted in fluoride toothpaste being less costly. 
 
The efficacy of the fluoride toothpaste manufactured in Nepal was questioned. Four 
fluoridated toothpastes manufactured in Nepal were sent to The Netherlands for fluoride 
analysis.  The labeling on the packages were examined to determine whether they met 
international standards (Chapter 5).  The total fluoride and free available fluoride  
concentrations of the toothpastes were determined by gas liquid chromatography and F 
specific electrode, respectively. The total fluoride and the free available fluoride  
concentrations were found to be less than the declared concentrations on the packaging, 
ranging from 400 ppm to 970 ppm of total fluoride and 150 to 770 ppm of free available 
fluoride. Two of the locally produced fluoride toothpastes met the criterion that at least 70% 
of the total fluoride should be freely available.  One sample did not declare the fluoride 
concentration, the expiration or the production date; and none of the samples indicated the 
type of fluoride on the package. The study recommended:  regular monitoring of fluoride 
toothpaste; and that the dental profession be made aware of the deficiencies of these so-called 
fluoride toothpastes and advise the toothpaste manufacturers in Nepal to make effective and 
affordable toothpastes available to all the people of Nepal.  
 
A cost-benefit analysis was undertaken to determine whether advocacy of fluoride toothpaste 
in Nepal was an efficient health promotion programme (Chapter 6).  The cost-benefit 
analysis assessed the efficiency of the advocacy programme and also compared the effect of 
fluoride toothpaste and non-fluoride toothpaste on the financial burden of disease for a sub-
set of the Nepali population over a period of 6 years.  The cost-of-illness approach was 
utilized to provide a measure of the net present value (NPV) and the benefit-cost ratio. The 
NPV was determined for differing projections of benefits gained based on differing 
estimations of the decline in caries due to the advocacy project. The limited benefits analysis 
was based on epidemiological data, basic principles in caries epidemiology, demographic 
information, baseline information on oral hygiene habits and several basic assumptions.  The 
analysis estimated the financial benefits of fluoride toothpaste use by the population age 6 to 
18 years expressed as the cost savings of a permanent dentition treated with amalgam 
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restorations.  The mathematical formula used was not applicable for the deciduous dentition 
or for adults beyond the age of 18 years.  Over a period of 6 years the NPV was US$594,466 
for a projected 10% reduction in dental caries of this population group as a result of 
fluoridation of toothpastes; US$1,035,640 for a projected 20% reduction; and US$2,442,333 
for a projected 40% reduction in caries increment.  For every US$1 spent on the advocacy 
project to increase the availability and consumption of fluoride toothpaste, there is a potential 
saving in the direct cost of treating caries ranging from US$87 to US$356.  The analysis was 
able to quantify the benefits resulting from the intervention of fluoride toothpaste compared 
to the risks of no intervention. 
  
The health promotion activity of advocacy in Nepal achieved health promotion outcomes 
including healthy corporate policies and healthy corporate action and intermediate outcomes 
such as increased availability and use of affordable fluoride toothpaste.  By comparing base 
line and follow up oral health and quality of life data on 12-13-year-old Nepali 
schoolchildren, an attempt was made to show achievable health outcomes from the advocacy 
process (Chapter 7).   The chapter compares prevalence and experience of dental caries, oral 
hygiene practices, experience of pain and quality of life data collected during the Nepal 
National Oral Health Pathfinder Survey 2004 and school specific data collected in 2005 with 
baseline data on caries experience collected in 1999 and baseline information on oral hygiene 
practices, experience of pain and its impact on quality of life gathered in 2001.  Cross 
sectional baseline surveys in 1999 and 2001, and follow up surveys in 2004 and 2005 were 
stratified cluster sampling in design; and were conducted in urban and rural schools in 
Central, Far Western, Mid Western and Western Developmental Regions of Nepal.  
Examinations were carried out by trained and calibrated examiners using the WHO 
diagnostic criteria for caries. Questionnaires were interview administered by trained 
interviewers.  A total of 2,770 12-13-year-olds in 1999 and 1001 12-13-year-olds in 2004 
were examined.  Of these 637 12-13-year-olds from Kathmandu valley and 448 12-13-year-
olds from Tansen municipality had previously been examined in 1999.  The same schools in 
Kathmandu valley and Tansen were visited in 2005 and 761 and 482 12-13-years from 
Kathmandu valley and Tansen respectively were examined. Information on oral hygiene 
practice and quality of life was collected from 6064 8-15-year-olds in 2001 and 1001 12-13-
year-olds in 2004 .  Analysis of the data revealed a 26.6% decline in caries prevalence and a 
38.0% decrease in 12-13-year-old DMFT from 1999 to 2004 throughout four of five regions 
 183 
of Nepal (p<0.000).  In 1999 the teeth examined had little or no exposure to fluoride 
toothpaste.  School specific data showed a reduction in DMFT of 43.8% (p<0.000) in Tansen 
and 53.6% (p<0.000) in the Kathmandu valley from 1999 to 2005. Approximately 65-75% of 
the 12-13-year-olds reported using fluoride toothpaste.  Eighty five percent and 82% of the 
subjects in Tansen and Kathmandu valley reported using fluoride toothpaste in the 2005 
school specific survey.  From 2001 to 2004, report of oral pain decreased by 10% (p<0.000).  
The decline of dental caries in Nepal and the improvement in the quality of life of the 
children was most likely attributable to the widespread use of fluoride toothpaste. 
Even though locally manufactured toothpaste in Nepal became more affordable than 
imported fluoride toothpaste, toothpaste might still be unaffordable for the poorest of the 
poor.  The poor or disadvantaged communities in other low-income countries may also have 
a problem in accessing affordable fluoride toothpaste.  The aim of Chapter 8 was to compare 
the cost and relative affordability of fluoride toothpaste in high-, middle- and low-income 
countries. It hypothesized that fluoride toothpaste is not equally affordable in high-, middle- 
and low-income countries.  A cross-sectional survey of fluoride toothpaste brands and the 
retail cost was conducted between December 2005 and March 2006. Data was collected on a 
self-completion questionnaire that was distributed to dental associations, non-governmental 
oral health organisations and individuals around the world in 136 countries. They were asked 
to provide the brand name, the retail price and the quantity/package size for as many brands 
including the cheapest available fluoride toothpaste that could be identified on the local retail 
market.  The analysis of affordability expressed the cost of the annual recommended dose of 
fluoride toothpaste as a proportion of the available household expenditures required to 
purchase enough toothpaste for one person for one year at the lowest available price. 
Affordability was also evaluated by estimating the number of days of work required to buy 
the recommended dose for one person for one year using the country’s per capita annual 
income (based on 250 working days). The measure chosen for affordability was the number 
of days needed to pay for one annual therapeutic dosage of toothpaste at the lowest price for 
the poorest 30% of the population.  The results of this study demonstrated significant 
inequities in the affordability of fluoride toothpaste. There was a general trend where, the 
poorer the country, the larger the proportion of the household expenditure that is needed to 
pay for one annual dosage of toothpaste per person. In the 13 high-income nations the cost of 
toothpaste represents less than 0.1% of per capita household consumption expenditures, 
ranging from 0.004% to 0.041%; while for low- and middle-income countries it was 
considerably larger. For the poorest 30% of the population, the cost of the annual 
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recommended dose of fluoride toothpaste as a proportion of the available household 
expenditures required to purchase enough toothpaste for one person for one year for all 
toothpaste products surveyed ranged from 0.015% (U.K) to 4.3 % (Zambia) (median = 0.29; 
SD = 0.8).  The estimates for the number of workdays needed to pay for one annual dose of 
toothpaste per person at the lowest price for the poorest 30% of the population, ranged from 
0.03 days in the United Kingdom to 10.75 days in Zambia.  To improve the availability and 
affordability of fluoride toothpastes the following strategies can be used: equity pricing, 
removal of taxation and tariffs, generic competition, local production and inexpensive 
packing and ingredients. 
 
Untreated dental caries in the deciduous dentition of Nepalese primary school age children is 
a public health problem due to it high prevalence, severity; impact on quality of life, growth 
and development, finances, and missed education opportunities (Chapter 1).  One option for 
the treatment of decay of the deciduous dentition is to arrest the decay with silver diamine 
fluoride (SDF) thereby retaining the tooth until it is replaced by its permanent successor.  
Chapter 9 compares the effectiveness of a single spot application of two concentrations of 
SDF, with and without the use of tannic acid from tea as a reducing agent in the prevention 
and arresting of caries in deciduous teeth of Nepalese schoolchildren.  This was the first 
clinical trial to evaluate the effectiveness of 12% and 38% SDF, the effect of a reducing agent 
and a one time application of SDF.  It was relevant to determine the effectiveness of a single 
application of SDF since repeated applications of SDF, as has been undertaken in other 
clinical studies of SDF, may be impractical and unaffordable to some local communities in 
Nepal.   The priori null hypotheses were: 1) that the different treatments when compared to 
no treatment have no effect in arresting caries and 2) that there is no difference in preventing 
new caries lesions between the treatment groups and the no treatment group.  This 
prospective controlled randomized clinical trial on a cohort of 976 kindergarten and primary 
schoolchildren, 545 males (56%) and 431 females (44%), with ages ranging from 3-9 years 
and a mean age of 5.2 (SD=1.2) years, was conducted in Kathmandu, Nepal.  They were 
assigned to four groups:  the first group received an application of 38% SDF; the second 
received 38% SDF followed by a spot application of tannic acid; the third were treated with 
12% SDF while the fourth group was the control.  The subjects were re-examined after 6 
months, 1 year and 2 years.  At each of the follow up periods, the mean number of arrested 
carious surfaces was significantly higher in the two groups treated with 38% SDF than in the 
12% SDF and the control group.  The difference observed at 6 months decreased with time 
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but remained statistically significant. There was no significant difference in the mean number 
of arrested carious surfaces between the 38% SDF and the 38% SDF + tannic acid group or 
between 12% SDF and the control group throughout the study period of 24 months. At the 
end of the study, the mean number of new carious surfaces was not significantly different 
between the groups.  The results of this study support the first and the second hypothesis for 
the application of 12% SDF.  For a single application of 38% SDF, the first hypothesis was 
rejected and the second hypothesis supported. The outcomes of this 24 month SDF study on 
the anterior and posterior deciduous teeth show that:  a single spot application of 38% SDF is 
effective in arresting carious lesion with the effectiveness decreasing with time; 12% SDF is 
not effective; tannic acid from tea as a reducing agent does not provide added benefits; and a 
single application of SDF is not effective in preventing new caries.  
 
General discussion, Conclusions and Recommendations 
The quest for healthy choices and healthy smiles in Nepal requires planning, implementation 
and taking advantage of opportunities as they arise. The collection of good and appropriate 
information is an essential part of the oral health planning process. The use of the WHO 
Pathfinder Survey7 in Chapter 2 assisted in the quantifying the normative i,e, the 
professionally defined needs, of the Nepalese schoolchildren.  However, the use of this 
survey method and its indices has its limitations since they are clinical measures of disease 
and “…tell us nothing about the functioning of either the oral cavity or the person as a whole 
and nothing about subjectively perceived symptoms such as pain and discomfort8” nor how 
these symptoms can lead to impairment, physical and social disability and handicap.  Health 
decision makers outside the dental field have difficulties in understanding dental indices and 
their usual reactions are: “oral diseases are not a problem since they are not life threatening”, 
or, “our country has a low DMFT according to WHO, so a budget for oral health is not 
necessary and certainly not a priority9”.  The data collected in WHO Pathfinder Survey 
showed that the Care Index (F/DMFT*100%) for the children’s deciduous and permanent 
decayed dentition was nil; and with a mean dmft of 3.3 and caries prevalence of 67% in 
children age 5 years, untreated dental caries was more prevalent than malnutrition and 
Vitamin A deficiency in the childhood population. This normative information was not 
sufficient to convince decision makers to adopt policies to improve oral health.  Supplemental 
information on pain, quality of life and oral hygiene behaviour were subsequently collected 
and used in advocating for the fluoridation of toothpaste (Chapter 5) and in the evaluation of 
this health promotion activity (Chapter 7).   
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Professionally defined need for this population is huge and is routinely translated by dentists 
into treatment to be delivered to the individual and to the community.   This perspective is 
deficient in that it does not take into consideration the perceived needs of the community, 
their demands for treatment, their ability to pay for services and the government’s ability to 
provide for the services.  Sheiham and Spencer10 have suggested that “Consideration of 
people’s needs should include the utility of the procedures available to meet it and the 
resources that permit these procedures to be used…..”.  There has to be the probability that 
the use of the proposed resources lead to an acceptable outcome and resources are available 
to provide it.  Therefore, both effectiveness and cost of health care have to be included in 
consideration of the need.”  Chapter 1 highlights the limitations of adopting a curative 
strategy to meet the normative needs related to untreated dental caries; and Chapter 3 
attempts to quantify the financial burden of this curative approach in Nepal and other low-
income nations in broadening the concept of need.  The financial calculations only include 
the cost of the restorative treatment and exclude indirect costs such as food and transportation 
costs, lost wages, or lodging.  Other outcome measures could also be used to express the 
burden of disease more easily such as the number of meals an individual or family would 
have to forgo in order to pay for treatment. The governments of low-income countries have 
insufficient resources to provide the most basic essential health care for their population, let 
alone treatment of dental caries. Moreover, the cost of restorative treatment is 
disproportionately expensive in relation to its priority.  Furthermore, the calculations are 
often based on a once off restorative treatment and do not take into account the need for 
repeat restorations and their associated cost. In relation to other health problems, oral health 
is often considered to be a low priority and receives very little financial support from 
government or aid agencies; therefore, public and non-government oral health care providers 
in low-income countries must utilise the limited available resources wisely to maximize the 
benefits.  Decision makers are cognizant of their limited budgets but fail to recognize the 
expense and the limitations of providing restorative care to their constituents.  It is not only a 
necessity to raise the awareness of these limitations to the politicians and decision makers, 
but it is also essential to present them with cost effective alternatives which address the most 
urgent needs of their constituents. For example in the Philippines, helminth infections and 
untreated dental caries amongst the schoolchildren are the major causes of school 
absenteeism.  An essential health care package in this country for one child for one year 
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consisting of one toothbrush, 60 ml. of fluoride toothpaste, 1 bar of soap and 2 mebendazole 
(anti-helminth) tablets would cost a paltry 0.32 Euros11.   
 
Fluoride toothpaste was the most appropriate intervention to meet the most urgent oral health 
needs of Nepal.  However, the preventive message of ‘brush twice a day with a fluoride 
toothpaste’, could not be promoted due to the scarcity of affordable and effective fluoride 
toothpaste in Nepal.  The health promotion activity of advocacy had to be invoked in order to 
make healthy choices readily available to the people of Nepal (Chapter 4).  Advocacy can be 
used to address three issues related to fluoride toothpaste locally as well as internationally:  
availability, efficacy and affordability.   
 
Oral health advocacy can significantly improve oral health on a large scale by addressing the 
root causes of the problem.  The question ‘why’ needs to be asked until the root causes are 
discovered. If the question ‘why’ is not asked then the intervention or strategies will only 
address the symptoms of the problem and not the root causes.  ‘Why are so many families 
poor?’ The parents do not have jobs. ‘But why don’t the parents have jobs?’ They do not 
have skills.  ‘Why do they not have skills?’ They did not finish school.  ‘Why didn’t they 
finish school?’  They were often sick and were absent from school.  ‘But why were they 
sick?’  They suffered from toothache.   ‘But why did they suffer from toothache?’ Fluoride 
toothpaste was not available.  ‘Why was fluoride toothpaste not available?’  It was the policy 
of toothpaste manufacturers to produce non-fluoride toothpaste. 
 
Policy sets the options for choices that individuals can make12 and advocacy is the health 
promotion activity which has the greatest potential to build healthy public policy13.  
Advocacy takes passionate commitment and perseverance by individuals and organizations 
over considerable time.  Healthy choices, locally and globally is reliant not so much on 
science as in finding advocates who would make it a political issue in low-income countries 
and transnational influence from international agencies such as the WHO Collaborating 
Centre in Nijmegen, FDI and the WHO14. 
 
The efficacy of fluoride toothpaste is also a concern in low- and middle-income countries 
since many fluoride toothpaste sold in these countries often do not have adequate 
concentrations of free available fluoride to be effective in preventing caries15 and the labeling 
on the packaging does not meet international standards.  In 2002, two of the four fluoride 
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toothpaste tested had adequate free available fluoride concentrations (Chapter 5).  The 
manufacturers were informed of the results and corrective action was taken by a major 
manufacturer to increase the level of fluoride in one of its brands.  Seven more brands of 
fluoride toothpaste manufactured in Nepal were analysed in 2004.  Three brands had 
adequate free available fluoride, two were borderline and two had insufficient amounts.  The 
results were reported back to the manufacturers; however,  two manufacturers declined to 
improve their products.  To ensure that quality fluoride toothpaste are marketed in Nepal the 
United Mission to Nepal Oral Health Programme and the Nepal Dental Association 
developed a set of criteria for quality fluoride toothpaste in Nepal.  It was recommended that 
toothpaste manufacturers meeting this standard would be eligible for a reduction in taxation 
of their products and it was also recommended that the Quality Assurance Bureau of the 
Government of Nepal would monitor the quality of toothpaste manufactured in Nepal.  These 
recommendations were incorporated into the Ministry of Health’s National Strategy for Oral 
Health in Nepal but thus far they have not been implemented.  Unfortunately, current ISO 
Standards16 does not state what the minimum concentration of free available fluoride in 
fluoride toothpaste should be and international advocacy has failed to change this.  The 
control of counterfeit toothpaste, the importation of poor quality fluoride toothpaste and 
building of the capacity of the Quality Assurance Bureau to monitor the quality of the 
toothpaste are also issues which need to be addressed.  These are the same challenges faced 
by other low-income countries and again the question ‘why’ needs to be asked in order to get 
to the root of the problems. 
 
The third issue, the affordability of fluoride toothpaste, is related to accessibility.  When 
fluoride toothpaste is more affordable it becomes more accessible to those who can afford it 
the least.  By increasing the number of brands of locally produced fluoride toothpaste in 
Nepal, lower price fluoride toothpaste became more available (Chapter 4 and 5).  
International advocacy may be necessary in order to make fluoride toothpaste more 
accessible to other low-income countries.  Chapter 8 hypothesizes and demonstrates that 
fluoride toothpaste is not equally affordable in high-, middle- and low-income countries.  
There was an observed trend where the poorer the country, the larger the proportion of the 
household expenditure that is needed to pay for one annual dosage of toothpaste for one 
person.  One way to make fluoride toothpaste more affordable is to remove or reduce the 
taxation on quality fluoride toothpaste but low-income countries are reluctant to adopt this 
strategy unless high-income nations set the precedent.  In the United Kingdom, advocacy was 
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undertaken by the British Dental Association and a local non-government organization to 
pursuade the government to reduce the taxation on fluoride toothpaste.  One of the arguments 
used was that the Ministry of Finance in the United Kingdom had already reduced the tax on 
preventive products such as condoms and nicotine substitute products (nicotine chewing gum 
and nicotine patches) and that fluoride toothpaste, a widely used and effective preventive 
product, should also receive the same tax relief.  Further advocacy may require the re-
classification of toothpaste to that of a health product, demonstration of the cost-benefits of 
fluoride toothpaste and proof that lower retail prices would encourage more individuals of the 
lower social economic class to purchase the product. 
 
An integral and important part of oral health care planning is evaluation.  Systematic 
evaluation is important for the assessment of the effectiveness of the intervention and the 
valued outcomes (what were the achievements). Process evaluation assists in the 
identification of the problems and challenges associated with the implementation of the 
programme, the strengths and weaknesses of the programme for future improvement and give 
support to the justification of resources used for the implementation of programme 
activities17.  Chapter 4 not only describes and evaluates the process of advocacy but also 
highlights the intermediate outcomes of the project.  The sharing of lessons learned from 
process evaluations through publications and workshops will assist other individuals and 
organizations to plan and implement better. The sharing and dissemination of the Nepal 
experience has assisted other countries such as Myanmar, Laos and Cambodia to examine 
and improve the availability of efficacious fluoride toothpaste.  It has also played a part in 
influencing the WHO and the FDI to hold 2 international workshops on fluorides18,19.   
 
Chapter 6 shows that the advocacy process was efficient, utilising minimal resources for 
maximum gain.  The cost calculations did however fail to include the expenses in the analysis 
in 2002 of the fluoride content of the toothpaste  (Chapter 5).  Nonetheless, when these 
additional costs are considered, the cost-benefit ratio is changed only minimally.  Chapter 7 
attempts to evaluate the health outcomes from the advocacy process by comparing baseline 
and follow up data.  The large decline in the caries experience of the schoolchildren in Nepal 
was attributed mainly to the widespread use of fluoride toothpaste.  A systematic review of 
fluoride toothpastes pools the results of 70 clinical trials and concludes that the use of this 
preventive product results in an average 24% decline in DMFS20.  It could be argued that the 
larger declines reported in Nepal are due to the accrued benefits of fluoride over 6 years 
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which is more than double the duration of the short term clinical trials.  A weakness of 
evaluating health promotion interventions by comparing large cross-sectional population 
surveys at baseline and at follow up is the difficulty of establishing causal relationships from 
the data.  The results will be influenced by confounders.  One option to control confounding 
in the evaluation of the decline of caries in Nepal is through advanced multivariate analysis. 
Randomised controlled trials (RCT) are the ‘gold standard’ method for the evaluation of 
clinical interventions but have their limitations for evaluating nation-wide health promotion 
or community interventions.  A WHO workshop identified a variety of issues related to 
health promotion and community-based evaluation methodologies such as the limitations of 
the RCT, the need for using more pluralistic approach (quantitative and/or qualitative), 
matching evaluation methods with the nature of the intervention and focus on quality of life, 
self care and empowerment outcome indicators21.  These issues also highlight the challenges 
in evaluating the contribution of advocacy for fluoride toothpastes towards the decline of 
dental caries in Nepalese schoolchildren. 
 
A promising intervention for the problem of untreated caries in the child population of Nepal 
and other low- and middle-income countries is Arresting Caries Treatment (ACT).  The silver 
diamine fluoride (SDF) research in Nepal (Chapter 9) plus the clinical trials in Cuba22 and 
China23 demonstrate the effectiveness of such Arresting Caries Treatment (ACT) in halting 
the decay process in the anterior and posterior deciduous dentition.  Since the Atraumatic 
Restorative Treatment approach may be too expensive for many disadvantaged communities, 
ACT may be an acceptable approach for the management of untreated caries. The two 
approaches could compliment each other so that ART is targeted to the management of 
permanent teeth while ACT is used for primary teeth.  To take advantage of the caries 
arresting as well as the caries preventive properties, 38% SDF may have to be applied yearly.  
How does ACT using 38% SDF fit in with the other components of the BPOC?  Presented 
below is a protocol for the application of the components of BPOC in low- and middle-
income countries:  
 
• Affordable Fluoride Toothpaste (AFT): 
o The promotion of AFT and the empowerment of individuals and 
communities with skills for oral self care for the prevention of dental 
caries and periodontal diseases is a priority for all communities.  The 
establishment of preventive programmes or oral self care with AFT will 
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reduce the burden of disease and the need for ACT, ART and ultimately 
OUT.   
 
• Atraumatic Restorative Treatment (ART): 
o Ideal for small or medium-size one surface restorations on either the 
deciduous or permanent dentition which are asymptomatic and where the 
decay has not reached the pulp. 
o Possibly as a sealant to protect susceptible pits and fissures from early 
enamel caries.  
 
• Arresting Caries Treatment (ACT): 
o For the deciduous and permanent dentition where ART is not available, or 
is unaffordable or not ideally suitable as a restoration.  
o As a temporary measure until the patient is able to access restorative care. 
 
• Oral Urgent Treatment (OUT): 
o Extraction of painful teeth where caries has progressed into the pulp with 
spontaneous pain, pain upon percussion, sensitivity to temperature change 
or without pain but with dissemination of the infection into surrounding 
tissues. 
o Extraction of root fragments which traumatise the soft tissues or interfere 
with the eruption of teeth. 
 
Although good evidence for the efficacy of ACT using 38% SDF is increasing, work is 
needed to demonstrate the acceptability and efficiency of this treatment modality compared to 
restoring decayed teeth; and that primary health care workers can be trained to deliver this 
simple treatment.  In common with ART and OUT, there are also challenges which need to 
be overcome in order to integrate ACT into an organized primary oral health care system. 
 
The main conclusions of this PhD study are: 
•   Low-income countries do not have the financial resources to apply a curative 
approach to deal with the problem of untreated dental caries in children and a public 
health/health promotion approach is required to address the problem. 
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•   Fluoride toothpaste is not equally affordable in high-, middle- and low-income 
countries.   
•   The health promotion activity of advocacy is a key activity to improve the 
availability, affordability and the efficacy of fluoride toothpaste. 
•   A 24 month SDF study on  deciduous teeth show that:  a single spot application of 
38% SDF is effective in arresting carious lesion with the effectiveness decreasing 
with time; 12% SDF is not effective; tannic acid from tea as a reducing agent does 
not provide added benefits; and a single application of SDF is not effective in 
preventing new caries.  
 
Recommendations 
There is an urgent need for: 
1. Additional research:  
• On the economic evaluations of the costs and benefits of fluoride toothpaste and 
whether lower costs will result in increased usage of the product amongst the poor. 
• The development and evaluation of different methods to be used for ACT 
• On the cost effectiveness of ACT versus ART and supervised school fluoride 
brushing programmes.   
• On the relative effectiveness of ART against ACT in the deciduous dentition.  
• On the acceptability, utility and integration of ACT into government organized 
health services.  
• To advance and improve community-based evaluation methodologies. 
• To evaluate the relative costs of the various components of BPOC globally. 
• To evaluate demonstration programmes of the BPOC in different countries and 
under different conditions. 
• Health systems research on policy development and on the integration of the BPOC 
into existing health care structures of different countries.  
• Further evaluation of the outcomes of the advocacy programme for fluoride 
toothpastes in Nepal to determine whether they have been sustained. 
 
2.  Advocacy and policy change to increase the affordability, availability and efficacy of 
fluoride toothpaste: 
• Development of long term action plans, globally, regionally and locally. 
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• Search for local/national partners and develop their capacity to act as advocates and 
implement action plans.  
• Establishment of regional laboratories to monitor the free available fluoride content 
of fluoridated toothpaste. 
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Chapter 11 
 
 
Samenvatting, Algemene discussie, 
Conclusies en Aanbevelingen 
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Samenvatting 
Nepal is een klein land (147.181 vierkante kilometer), grenzend aan China in het noorden en 
India in het zuiden. Het is ongeveer 3.5 maal  Nederland en telt  28 miljoen inwoners. De 
bevolking bestaat uit meer dan 60 etnische groepen. Nepal wordt gekenmerkt door drie 
geografische streken: de Terai (vlakten), de heuvels en de bergen. De ruige topografie 
betekent een belangrijke belemmering voor ontwikkeling. Een geschatte 80% van de 
bevolking woont op het platteland en heeft slechts beperkte toegang tot gezondheidszorg en 
scholing. In 2007 waren er circa 500  geregistreerde tandartsen van wie 85 % werkzaam was 
in stedelijke centra. In 2007 was Nepals GPD US$ 330 per hoofd van de bevolking en 
daarmee was Nepal het minst ontwikkelde land in zuidoost Azië1. Sinds 1990 is het een 
democratie maar de laatste tien jaar heeft Nepal te lijden van gewapende conflicten tussen 
Maoïstische rebellen en het regeringsleger.  
 
In de jaren negentig van de vorige eeuw was men bezorgd dat het hoge tempo waarin Nepal 
urbaniseerde, zou leiden tot toenemende consumptie van westers voedsel met als gevolg een 
toename van de incidentie en prevalentie van tandcariës2. Hoewel het niveau van tandcariës 
toen als laag beschreven werd (bij twaalfjarigen een DMFT van 0.913), toonden 
epidemiologische gegevens tussen eind jaren zeventig en het midden van de jaren negentig 
van de vorige eeuw een trend van toenemende tandcariës onder Nepalese kinderen4. Een in 
1999 niet-gerandomiseerd WHO Pathfinder Survey (Hoofdstuk 2) op particuliere en 
openbare scholen op tien locaties op de vlaktes en aan de voet van de bergen, zowel op het 
platteland als in stedelijke gebieden, in acht districten van west en centraal Nepal bevestigde 
dat cariës was toegenomen in de groep 12- en 13-jarigen (n = 3323). De cariësprevalentie  en 
gemiddelde dmft-score van de 5- en 6-jarigen (n = 2177) was 67% en 3.3 (in stedelijke 
gebieden 64%  en 2.9;  op het platteland 78% en 4.0). In beide leeftijdsgroepen was de 
behandelingsnoodzaak nagenoeg 100%, uitgedrukt als de ratio van het gemiddelde aantal 
aangetaste gebitselementen (d of D) ten opzichte van het gemiddelde DMFT of dmft. De 
cariësprevalentie en gemiddelde DMFT-score van de 12- en 13-jarigen was 41% en 1.1 (in 
stedelijke gebieden 35% en 0.9; op het platteland 54% en 1.5), wat een toename van 20% 
betekent vergeleken met de DMFT van 0.91 in 19944. Men moet deze resultaten met de 
nodige reserve  interpreteren gezien de verschillen in onderzoeksmethoden, steekproeven en 
plaats van onderzoek. 
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Aangezien Nepal een van de armste lagelonenlanden was en nog is, beschikt het niet over de 
financiële middelen en de menskracht om over te gaan op een curatieve benadering van het 
probleem van de toenemende tandcariës door middel van restauratieve behandeling. 
Hoofdstuk 3 belicht de financiële last voor Nepal en andere lagelonenlanden als er voor een 
restauratieve optie gekozen wordt om cariës te behandelen. Het doel van het onderzoek was 
vast te stellen of het  gezondheidszorgbudget van lagelonenlanden toereikend is voor 
behandeling van cariës bij kinderen en voor een essentieel gezondheidszorgpakket voor 
kinderziekten. Een essentieel gezondheidszorgpakket in lagelonenlanden bestaat uit 
gezondheidszorg gericht op preventie en medische behandeling van tien ziektedomeinen: 
luchtweginfecties, malaria, diarree, ondervoeding, vitamine A- en jodiumdeficiëntie, 
parasitaire ingewandsinfecties, aangeboren misvormingen, perinatale aandoeningen en sterfte 
en ziekten die door vaccinatie zijn te voorkomen. Deze essentiële gezondheidszorg zou, mits 
correct gegeven, in ontwikkelingslanden  sterfte en invaliditeit bij kinderen onder de 15 jaar 
met 21% tot 38% kunnen terugdringen. De kosten van een dergelijk gezondheidszorgpakket 
voor kinderen in lagelonenlanden zou US$ 7000 per 1000 kinderen per jaar bedragen5. De 
kosten van de publieke component van het essentiële gezondheidszorgpakket 
(schoolgezondheidsprogramma’s, vaccinatie, suppletie van voedingsbouwstoffen en eerste 
lijn medische zorg) zouden neerkomen op US$ 4000 per 1000 kinderen per jaar. De kosten 
van restauratieve behandeling van bestaande en toekomstige cariës werden vastgesteld met 
behulp van tandheelkundige databestanden van de WHO en  spreadsheetberekeningen 
gebaseerd op getaxeerde prevalenties en cariëspatronen van de bevolking. Het onderzoek 
onthulde dat meer dan 90% van de tandcariës onbehandeld blijft in lagelonenlanden. 
Berekeningen lieten zien dat de behandeling in lagelonenlanden van het blijvende gebit van 
alle kinderen tussen de 6 en 18 jaar door middel van de traditionele amalgaamrestauratie 
tussen de £1024 (US$ 1618) en £2224 (US$ 3513) per 1000 kinderen per jaar zou kosten. Bij 
£1024 (US$ 1618) zouden de kosten van restauratieve zorg in 15 van de 48 lagelonenlanden 
de beschikbare middelen voor de publieke component van het essentiële 
gezondheidszorgpakket overschrijden terwijl dat bij £2224 (US$ 3513) per 1000 kinderen in 
29 van de 48 lagelonenlanden het geval zou zijn. Uit het onderzoek valt te concluderen dat 
het restauratief behandelen van cariës op de traditionele manier de financiële middelen van de 
meerderheid van lagelonenlanden ver te boven gaat gezien het gegeven dat driekwart van 
deze landen zelfs niet over voldoende middelen beschikt om de publieke component van het 
essentiële gezondheidszorgpakket voor kinderen te financieren. Daarom lijkt een preventieve 
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eerstelijnszorg ter voorkoming van cariës in plaats van een restauratieve benadering de enige 
mogelijke manier om het probleem van cariës in Nepal aan te pakken. 
 
De argumenten voor de meest realistische fluoridestrategie voor Nepal worden gegeven in 
Hoofdstuk 1. De voornaamste fluoridetoepassingen die voor Nepal in aanmerking komen en 
die gericht zijn op het voorzien in een constant lage fluorideconcentratie in de mond zonder 
tandheelkundig beroepsmatige  tussenkomst zijn waterfluoridering, zoutfluoridering, 
melkfluoridering en gefluorideerde tandpasta. Helaas wezen fluoridebepalingen van 800 
drinkwaterplaatsen uit heel Nepal uit dat de fluorideconcentraties te laag waren voor een 
therapeutische werking6. Fluoridering van  de drinkwatervoorziening in Nepal werd gezien 
als een onrealistische optie om een groot deel van de bevolking te bereiken, aangezien 80% 
van de bevolking op het platteland woont en de gecentraliseerde watervoorzieningen in 
stedelijke gebieden van slechte kwaliteit zijn. Zoutfluoridering in Nepal werd onderzocht 
maar het was de vraag of deze benadering haalbaar is, gezien de verscheidenheid aan zout en 
vindplaatsen in Nepal, de povere kwaliteitscontrole en  infrastructuur en problemen met de 
distributie. Melkfluoridering was evenmin een geschikte strategie daar het aantal Nepalezen 
dat verpakte melk consumeert te verwaarlozen is. Voor Nepal werd promotie van 
tandenpoetsen met gefluorideerde tandpasta gezien als de beste preventieve strategie omdat 
tandenpoetsen tenminste een keer per dag, ’s morgens, er een cultureel bepaalde gewoonte is. 
Fluoridetandpasta was echter noch gemakkelijk verkrijgbaar noch betaalbaar voor de meeste 
Nepalezen. Bovendien was alleen dure geïmporteerde fluoridetandpasta in beperkte mate 
beschikbaar voor consumenten in de hoofdstad Kathmandu. 
 
Als  reactie hierop besloot de United Mission to Nepal Oral Health Programme (UMN OHP) 
te pleiten voor algemene beschikbaarheid en gebruik van betaalbare fluoridetandpasta in 
Nepal (Hoofdstuk 4). Het werkplan was gebaseerd op Tearfund’s advocacy cycle en vond 
plaats tussen maart 1997 en maart 2002, waarbij de lokale tandpastaproducenten de 
doelgroep vormden. De werkwijze behelsde: ontwikkeling van een informatiepakket over de 
fluoridering van tandpasta; het schrijven van e-mails en brieven, vergaderingen met 
tandartsen, besprekingen met beleidsmedewerkers van tandpastaondernemingen en dia- dan 
wel powerpoint-presentaties voor grote doelgroepen. Voor dit plan ten uitvoer werd gebracht, 
was het geschatte marktaandeel van gefluorideerde tandpasta te verwaarlozen. Het 
gezondheidspromotieproject in Nepal leidde begin 2002 tot het vervaardigen van 
gefluorideerde tandpasta’s door twee grote internationale tandpastaproducenten, te weten 
 201 
Nepal Lever Ltd. en Colgate Palmolive en vier kleinere lokale producenten. Een geschatte 
90% van de 900 (metrische) ton tandpasta verkocht in 2002 was gefluorideerd, voornamelijk 
door omzetting van niet gefluorideerde tandpasta in gefluorideerde. De meeste consumenten 
profiteerden van deze  verandering zonder bewust over te hoeven gaan op een ander merk 
tandpasta, of hun attitude, kennis of gedrag te hoeven veranderen.  
 
Het aantal merken gefluorideerde tandpasta nam toe van 5 in 1998 tot 22 in 2002, waarvan 6 
vervaardigd in Nepal. De lokaal geproduceerde fluoridetandpasta’s waren goedkoper dan de 
geïmporteerde merken. Niet alleen zijn de primaire doelen gehaald: de algemene 
verkrijgbaarheid en het toegenomen gebruik van fluoride- tandpasta, ook resulteerde dit 
gezondheidspromotieproject in goedkopere fluoridetandpasta. Er werden vraagtekens 
geplaatst bij de werkzaamheid van in Nepal geproduceerde fluoridetandpasta. Vier ervan 
werden naar Nederland gestuurd voor fluorideanalyse. Ook werd gecontroleerd of de 
etikettering op de verpakking   voldeed aan de internationale normen (Hoofdstuk 5). De 
totale hoeveelheid fluoride en de vrij aanwezige fluoride werden gemeten door middel van 
gaschromatografie en een F-specifieke elektrode. De totale hoeveelheid fluoride en de 
hoeveelheid vrij aanwezige fluoride bleken lager te zijn dan de op de verpakking vermelde 
concentraties, variërend van 400 ppm tot 970 ppm aan totale fluoride en van 150 ppm tot 770 
ppm aan vrij aanwezige fluoride. Twee van de lokaal geproduceerde fluoridetandpasta’s 
voldeden aan het criterium dat tenminste 70% van de totale hoeveelheid fluoride vrij 
aanwezig moet zijn. Bij een van de geteste tandpasta’s  was de fluorideconcentratie niet 
vermeld, noch de productie- of houdbaarheiddatum; en bij geen van de vier geteste 
tandpasta’s werd de fluorideformule op de verpakking vermeld. Uit het onderzoek kwam naar 
voren dat regelmatige controle van fluoridetandpasta gewenst is en dat de tandheelkundige 
professie verwittigd moet worden over de tekortkomingen van deze fluoridetandpasta’s. 
Bovendien moet er bij de tandpastaproducenten in Nepal op aangedrongen worden werkzame 
tandpasta’s op de markt te brengen die betaalbaar zijn voor alle Nepalezen.  
 
Er werd een kosten-batenanalyse gemaakt om vast te stellen of het 
gezondheidspromotieprogramma voor fluoridetandpasta in Nepal een efficiënt project was 
geweest (Hoofdstuk 6). De kosten-batenanalyse stelde de efficiëntie van het promoten en 
lobbyen vast en vergeleek ook hoe gedurende een periode van zes jaar het gebruik van 
tandpasta met dan wel zonder fluoride zou drukken op het ziektekostenbudget van een 
deelgroep van de Nepalese bevolking. De ziektekosten werden  gebruikt als een maat voor de 
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net present value (NPV) en de kosten-batenratio. De NPV werd vastgesteld voor geraamde 
opbrengsten op basis van verschillende schattingen van cariësafname ten gevolge van het 
gezondheidspromotieprogramma. De batenanalyse was beperkt en gebaseerd op 
epidemiologische gegevens over cariës, demografische informatie, informatie over 
mondhygiëne gewoonten en een aantal aannames. In de analyse werden de financiële baten 
van het gebruik van fluoridetandpasta voor de bevolkingsgroep van 6 tot 18 jaar uitgedrukt 
als kostenbesparing van amalgaam restauraties in het blijvend gebit. De gebruikte formule 
kon niet toegepast worden op het melkgebit of het gebit van de bevolking ouder dan 18 jaar. 
Over een periode van 6 jaar was de NPV bij deze bevolkingsgroep US$ 594,466 voor een 
geraamde 10% reductie van de cariëstoename door het gebruik van fluoridetandpasta; US$ 
1.035,640 bij een geraamde 20% cariësreductie; en US$ 2,442,333 bij een geraamde 40% 
cariësreductie. Tegenover iedere uitgegeven US dollar aan het 
gezondheidspromotieprogramma om de beschikbaarheid en het gebruik van fluoridetandpasta 
te vergroten, staat een potentiële directe kostenbesparing op het behandelen van cariës van 
tussen de US$ 87 en US$ 356. De analyse was in staat de besparingen te kwantificeren die 
het resultaat waren van de interventie van fluoridetandpasta vergeleken met die van non-
interventie.  
 
De bepleite gezondheidspromotie-activiteiten in Nepal leidden tot resultaten als corporatieve 
gezondheidspolitiek en corporatieve op gezondheid gerichte activiteiten en tussentijdse 
resultaten als de toegenomen beschikbaarheid en het toegenomen gebruik van betaalbare 
fluoridetandpasta. Door het vergelijken van een nulmeting met gegevens van 
vervolgonderzoek betreffende mondgezondheid en kwaliteit van leven van 12- en 13-jarige 
Nepalese schoolkinderen werd getracht om verkregen gezondheidsresultaten van het 
gezondheidspromotieprogramma te laten zien. (Hoofdstuk 7). Het hoofdstuk vergelijkt data 
betreffende cariësprevalentie en cariëservaring, mondhygiënegewoontes, pijnervaring en 
gegevens over kwaliteit van leven die verzameld zijn in het Nepal National Oral Health 
Pathfinder Survey in 2004 en data verzameld op een aantal specifieke scholen in 2005 met 
een nulmeting van de cariëservaring in 1999 en een nulmeting in 2001 betreffende 
mondhygiëne, pijnervaring en de invloed ervan op de kwaliteit van leven. Bij de nulmetingen 
uitgevoerd in 1999 en 2001 en transversaal vervolgonderzoek in 2004 en 2005 vond 
stratificatie van de steekproef plaats op stedelijke en plattelandsscholen in centraal Nepal, in 
het verre westen, middenwesten en westen. Het onderzoek werd uitgevoerd door getrainde en 
gekalibreerde onderzoekers die de WHO diagnostische cariëscriteria gebruikten. 
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Vragenlijsten werden afgenomen door getrainde interviewers. In totaal werden er 2770 12- en 
13-jarigen onderzocht in 1999 en 1001 12- en 13-jarigen in 2004. Van deze groep kinderen 
werden er 637 uit de Kathmandu vallei en 448 uit de gemeente Tansen al onderzocht in 1999. 
In 2005 werden dezelfde scholen bezocht en werden respectievelijk 761 12- en 13-jarigen uit 
de Kathmandu vallei en 448 van dezelfde leeftijdsgroep uit Tansen onderzocht. Data over 
mondhygiëne en kwaliteit van leven werd van 6064 8- tot 15-jarigen verzameld in 2001, en 
van 1001 12-13-jarigen in 2004. Analyse van de data gaf een vermindering van 26.6% in 
cariësprevalentie te zien en een afname van 38.0% in DMFT van 12- en 13-jarigen in vier 
van de vijf regio’s in Nepal tussen 1999 en 2004. Gegevens over de specifieke scholen tussen 
1999 en 2005 onthulden een afname van 43.8% in DMFT in Tansen en een afname van 
53.6% in DMFT in de Kathmandu vallei. Zo’n 65 à 75 % van de 12- en 13-jarigen gaf aan 
fluoridetandpasta te gebruiken. In Tansen verklaarde 85% van de ondervraagden 
fluoridetandpasta te gebruiken, in de Kathmandu vallei 82% bij het onderzoek in 2005. In de 
periode van 2001 tot 2004 werd 10% minder pijn in de mond gemeld. De vermindering van 
tandcariës in Nepal en de verbetering van de kwaliteit van leven bij kinderen was hoogst 
waarschijnlijk toe te schrijven aan het wijdverbreide gebruik van fluoridetandpasta. 
 
Ook al werd lokaal geproduceerde fluoridetandpasta in Nepal beter betaalbaar dan 
geïmporteerde, het blijft de vraag of deze tandpasta betaalbaar is voor de allerarmsten. Voor 
de arme of achtergestelde gemeenschappen in andere lagelonenlanden kan de betaalbaarheid 
van tandpasta evengoed problematisch zijn. Het doel van Hoofdstuk 8 was de kosten en 
relatieve betaalbaarheid van fluoridetandpasta te vergelijken in rijke landen, 
middeninkomenlanden en lagelonenlanden. Daarbij was de hypothese dat fluoridetandpasta 
niet gelijkelijk binnen bereik was in rijke landen, middeninkomen- en lagelonenlanden. 
Tussen december 2005 en maart 2006 werd een transversale steekproef genomen van 
fluoridetandpasta merken en de verkoopprijs. Gegevens werden verzameld via zelf in te 
vullen vragenlijsten die in 136 landen over de hele wereld verspreid werden onder 
tandheelkundige beroepsorganisaties, niet-gouvernementele mondgezondheids organisaties 
en particulieren. Men werd gevraagd de merknaam te geven, de verkoopprijs en de grootte 
van de verpakking van zoveel mogelijk merken waaronder de goedkoopste fluoridetandpasta 
verkrijgbaar op de lokale markt. Betaalbaarheid werd berekend als de percentuele uitgave van 
het beschikbare huishoudgeld  nodig voor de aanschaf van de  aanbevolen jaarlijkse 
hoeveelheid goedkoopste fluoridetandpasta voor één persoon. Betaalbaarheid werd ook 
vastgesteld door het aantal dagen te berekenen op basis van het bruto nationaal inkomen 
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(gebaseerd op 250 werkdagen) dat iemand moet werken  om de aanbevolen jaarlijkse 
hoeveelheid tandpasta voor één  persoon te kunnen kopen. De gekozen maat voor 
betaalbaarheid was het aantal dagen dat de armste 30% van de bevolking moet werken om de 
aanbevolen jaarlijkse hoeveelheid laagst geprijsde tandpasta te kunnen betalen. De 
onderzoeksresultaten tonen grote onbillijkheid in de betaalbaarheid van fluoridetandpasta. Er 
was een algemene trend: hoe armer het land, hoe hoger het percentuele aandeel van het 
huishoudgeld dat nodig is om de aanbevolen jaarlijkse hoeveelheid tandpasta voor één 
persoon te kunnen betalen. In de 13 rijke landen bedragen de uitgaven voor tandpasta minder 
dan een pro mille van het bestedingspatroon per hoofd, variërend van 0.004% tot 0.041%, 
terwijl het bestedingsaandeel voor lagelonenlanden en middeninkomenlanden aanzienlijk 
hoger lag. Voor de armste 30% van de bevolking varieerde de hoogte van het jaarlijkse 
bestedingsaandeel per persoon voor alle in kaart gebrachte tandpasta’s van 0.015% 
(Engeland) tot 4.3% (Zambia) (mediaan = 0.29; SD = 0.8). De schattingen voor de armste 
30% van de bevolking aangaande het aantal werkdagen nodig om een jaarlijkse hoeveelheid 
goedkoopste tandpasta voor één persoon aan te kunnen schaffen, liepen uiteen van 0.03 in 
Engeland tot 10.75 dagen in Zambia. Om de verkrijgbaarheid en de betaalbaarheid van 
fluoridetandpasta te bevorderen kunnen de volgende aanbevelingen worden gedaan: het 
bevorderen van billijke prijzen, het opheffen van belasting en tarieven, het stimuleren van 
concurrentie en lokale productie en goedkope ingrediënten en verpakking. 
 
Onbehandelde tandcariës in het melkgebit van Nepalese lagere schoolkinderen is een 
volksgezondheidsprobleem door de hoge prevalentie en de daarmee gepaard gaande 
ongunstige invloed op de kwaliteit van leven, groei en ontwikkeling, financiën en gemiste 
kansen op scholing (Hoofdstuk 1). Eén optie voor de behandeling van cariës in het melkgebit 
is het tot staan brengen van cariës door middel van silver diamine fluoride (SDF) waardoor 
het element behouden blijft totdat het vervangen wordt door het blijvende. Hoofdstuk 9 
vergelijkt de werkzaamheid van een eenmalige applicatie van twee concentraties SDF, met 
dan wel zonder tanninezuur uit thee als reducerend middel bij de preventie en het stoppen van 
cariës in het melkgebit van Nepalese schoolkinderen. Dit was het eerste klinische onderzoek 
naar de werkzaamheid van 12% en 38% SDF, de invloed van een reducerend middel en een 
eenmalige applicatie van SDF. Het was relevant de werkzaamheid van een eenmalige SDF-
applicatie te onderzoeken, aangezien herhaalde SDF-applicaties in ander klinisch SDF-
onderzoek, mogelijk onuitvoerbaar en onbetaalbaar zijn voor lokale gemeenschappen zoals in 
Nepal. De a priori nulhypotheses waren: 1) dat de verschillende behandelingen vergeleken 
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met onbehandeld blijven geen effect  hebben op het stoppen van cariës en 2) dat er geen 
verschil is tussen de behandelde groepen en de onbehandelde groep wat de preventie van 
nieuwe cariëslaesies betreft.  Dit prospectieve gerandomiseerde gecontroleerde klinisch 
onderzoek werd in Kathmandu, Nepal, uitgevoerd bij 976 3- tot 9-jarige kinderen 
(gemiddelde leeftijd van 5.2 jaar, SD = 1.2) in  kinderdagverblijven en lagere scholen, 545 
jongens (56%) en 431 meisjes (44%). Ze werden ingedeeld in vier groepen: de eerste groep 
kreeg een 38% SDF-applicatie; de tweede kreeg 38% SDF gevolgd door tanninezuur 
applicatie; de derde werd behandeld met 12% SDF terwijl de vierde groep de controlegroep 
was. De kinderen die deelnamen aan het onderzoek werden na zes maanden, na een jaar en na 
twee jaar opnieuw onderzocht. Bij elk herhaald onderzoek bleek het gemiddelde aantal 
vlakken met bedwongen cariës significant hoger bij de twee groepen die behandeld waren 
met 38% SDF dan in de groep behandeld met 12% SDF en de controlegroep. Het verschil 
waargenomen na 6 maanden, nam na verloop van tijd af maar bleef statistisch significant. Er 
was geen significant verschil in het gemiddelde aantal vlakken met bedwongen cariës tussen 
de 38% SDF-groep en de groep 38% SDF + tanninezuur of tussen de 12% SDF-groep en de 
controlegroep gedurende de onderzoeksperiode van 24 maanden. Aan het eind van het 
onderzoek was er geen significant verschil bij de vier groepen in het gemiddelde aantal 
nieuwe vlakken met cariës. De resultaten van dit onderzoek staven de eerste en tweede 
hypothese voor de 12% SDF-applicatie. Voor de eenmalige 38% SDF-applicatie werd de 
eerste hypothese verworpen en de tweede hypothese ondersteund. De resultaten van dit  
tweejarige SDF-onderzoek bij het gehele melkgebit laten zien dat een eenmalige 38% SDF-
applicatie actieve cariës tot staan kan brengen, maar dat de werkzaamheid met de tijd wel 
afneemt; dat 12% SDF niet werkzaam is;  dat tanninezuur uit thee als reducerend middel geen 
toegevoegde waarde heeft en dat een eenmalige SDF-applicatie nieuwe cariëslaesies niet kan 
voorkomen. 
 
Algemene discussie, conclusies en aanbevelingen 
De zoektocht naar gezonde keuzes en een gezonde glimlach in Nepal vereist planning en het 
ijzer smeden als het heet is bij de invoering van de plannen. Het verzamelen van goede en 
relevante informatie is een essentieel onderdeel van het planningsproces voor 
mondgezondheid. Het gebruik van het WHO Pathfinder Survey7 in Hoofdstuk 2 droeg bij 
aan de kwantificering van de normatieve, dat wil zeggen de beroepsmatig gedefinieerde 
noden van Nepalese schoolkinderen. Toepassing van de gebruikte onderzoeksmethode heeft 
echter beperkingen aangezien het op die manier in kaart brengen van ziektes “.. tells us 
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nothing about the functioning of either the oral cavity or the person as a whole and nothing 
about subjectively perceived symptoms such as pain and discomfort8”, noch over hoe deze 
symptomen kunnen leiden tot verzwakking en fysieke en sociale invaliditeit en handicap. 
Beleidsmakers buiten de tandheelkunde hebben moeite tandheelkundige indexen te begrijpen 
en hun gebruikelijke reacties zijn: ”oral diseases are not a problem since they are not life 
threatening”, of: ”our country has a low DMFT according to WHO, so a budget for oral 
health is not necessary and certainly not a priority9”. De gegevens verzameld  in de WHO 
Pathfinder Survey lieten zien dat de verzorgingsgraad (F/DMFT*100%) van het aangetaste 
melkgebit en blijvende gebit van kinderen nihil was; en met een gemiddelde dmft van 3.3 en 
een cariësprevalentie van 67% bij vijfjarige kinderen, kwam onbehandelde cariës bij deze 
groep kinderen vaker voor dan ondervoeding en vitamine A-deficiëntie. Deze normatieve 
informatie was niet toereikend om beleidsmakers ervan te overtuigen beleid aan te passen ter 
verbetering van mondgezondheid. Aanvullende data ten aanzien van pijn, kwaliteit van leven 
en mondhygiënegedrag werden verzameld en vervolgens gebruikt om de fluoridering van 
tandpasta te bepleiten (Hoofdstuk 5); deze gegevens werden tevens gebruikt bij de evaluatie 
van het gezondheidspromotieproces (Hoofdstuk 7). 
 
De beroepsmatig gedefinieerde behoefte voor deze bevolking is enorm en wordt routinematig 
door tandartsen geïnterpreteerd als behandelnoodzaak voor de individuele patiënt en de 
gemeenschap. Deze benadering schiet te kort omdat buiten beschouwing blijft wat de 
gemeenschap aan noden ervaart, de behandelingen die zij verlangt en de financiële middelen 
die de gemeenschap en de overheid ter beschikking staan voor gezondheidszorg. Sheiham en 
Spencer10 betoogden dat  “Consideration of people’s needs should include the utility of the 
procedures available to meet it and the resources that permit these procedures to be used 
…”. Het moet nagenoeg zeker zijn dat het gebruik van de voorgestelde middelen leidt tot een 
acceptabel resultaat en dat die middelen ook werkelijk beschikbaar zijn. Daarom moeten 
zowel de effectiviteit als de kosten van de gezondheidszorg betrokken worden  bij de 
beweegredenen om de nood te lenigen. Hoofdstuk 1 benadrukt de beperkingen van een 
curatieve strategie om aan de normatieve behoeften van onbehandelde cariës te voldoen, en 
Hoofdstuk 3 tracht de financiële last van deze curatieve aanpak in Nepal te kwantificeren en 
het concept van zorg en behoefte te plaatsen in de bredere context van lagelonenlanden. De 
financiële berekeningen bevatten alleen de kosten van restauratieve behandelingen en niet de 
daarmee gepaard gaande indirecte kosten voor voedsel, transport, accommodatie en gederfd 
inkomen. Men kan de lasten die ziektes met zich mee brengen ook anders meten zoals in het 
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aantal maaltijden dat een individu of een gezin moet overslaan om zich een behandeling te 
kunnen veroorloven. Regeringen van lagelonenlanden hebben ontoereikende middelen om 
hun bevolking te voorzien van de meest basale gezondheidszorg, laat staan van 
tandheelkundige behandeling. Bovendien zijn de kosten van restauratieve behandelingen 
disproportioneel hoog in verhouding tot de prioriteit. Daarnaast zijn de berekeningen vaak 
gebaseerd op een eenmalige restauratieve behandeling en wordt de noodzaak voor herhaalde 
restauratieve behandeling met de daaraan verbonden kosten buiten beschouwing gelaten. In 
verhouding tot andere gezondheidsproblemen heeft tandheelkundige zorg vaak een lagere 
prioriteit en krijgt weinig financiële ondersteuning van overheidszijde of hulporganisaties. 
Daarom moeten overheid en niet-gouvernementele tandheelkundige zorgverlenende 
organisaties een verstandig gebruik maken van de beperkte beschikbare middelen in 
lagelonenlanden voor een maximaal profijt. Beleidsmakers zijn zich bewust van hun beperkte 
budget maar overzien niet de kosten en beperkingen van restauratieve zorg voor de 
bevolking. Het is niet alleen noodzakelijk politici en beleidsmakers te wijzen op deze 
beperkingen maar het is ook van essentieel belang  kosteneffectieve alternatieven aan hen 
voor te leggen die tegemoet komen aan de dringendste behoeften van de bevolking. In de 
Filippijnen bijvoorbeeld zijn worminfecties en onbehandelde cariës de belangrijkste redenen 
van schoolverzuim onder schoolkinderen. In dat land zou een gezondheidszorgpakket 
bestaande uit een tandenborstel, 60 ml fluoridetandpasta, 1 stuk zeep en twee tabletten 
mebendazole (antiwormmiddel) jaarlijks het luttele bedrag van 32 eurocent  per kind 
kosten11. 
 
Fluoridetandpasta was de geschiktste interventie om in Nepal aan de dringendste 
tandheelkundige behoefte te voldoen. Toch kon de preventieve boodschap ‘poets twee keer 
per dag met fluoridetandpasta’, niet worden gepromoot, omdat betaalbare en werkzame 
fluoridetandpasta in Nepal schaars was. Er werd een gezondheidspromotieprogramma  
geïntroduceerd om de Nepalese bevolking in de gelegenheid te stellen goede keuzes te maken 
wat hun gezondheid betreft (Hoofdstuk 4). Promotie- en lobbyactiviteiten zijn geschikt om 
drie punten betreffende fluoridetandpasta zowel lokaal als internationaal te agenderen: 
beschikbaarheid, werkzaamheid en betaalbaarheid. 
 
Promotie- en lobbyactiviteiten voor betere mondgezondheid kunnen de situatie op grote 
schaal verbeteren door de aandacht te richten op de oorsprong van het probleem. Het is nodig 
de vraag ‘waarom’ te blijven stellen tot de oorzaak van de problemen duidelijk is geworden. 
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Als de ‘waarom’-vraag niet gesteld wordt, zal de interventie zich alleen maar richten op de 
symptomen en niet op de onderliggende oorzaak. ‘Why are so many families poor?’ De 
ouders hebben geen werk. ‘But why don’t the parents have jobs?’  Omdat ze niet 
gekwalificeerd zijn. ‘Why do they not have skills?’ Omdat ze hun school niet hebben 
afgemaakt. ‘Why didn’t they finish schools?’ Ze waren vaak ziek en verzuimden van school. 
‘But why were they sick?’ Ze hadden kiespijn. ‘But why did they suffer from toothache?’ Er 
was geen fluoridetandpasta te krijgen. ‘Why was fluoride toothpaste not available?’ Het was 
het beleid van tandpastaproducenten geen fluoridehoudende tandpasta te  produceren. 
 
Beleid bepaalt de keuzemogelijkheden die individuen hebben12 en promotie en lobby zijn de 
activiteiten die de meeste potentie hebben om een goede algemene gezondheidspolitiek te 
ontwikkelen13. Promotie en lobby vereisen  gedrevenheid en doorzettingsvermogen 
gedurende een langere tijd dat geldt zowel voor individuen als voor organisaties.. Het creëren 
van omstandigheden waarin gezonde keuzes gemaakt kunnen worden, plaatselijk en 
wereldwijd, hangt niet zozeer af van wetenschappelijke inzichten als van de aanwezigheid 
van individuen en organisaties die bereid zijn te vechten voor een gezondheidspolitiek in 
lagelonenlanden en die hun invloed internationaal uitdragen zoals het WHO Collaborating 
Centre in Nijmegen, de FDI en de WHO14. 
 
De werkzaamheid van fluoridetandpasta is ook een reden tot bezorgdheid in lagelonenlanden  
en middeninkomenlanden omdat veel fluoridetandpasta’s die in deze landen verkocht worden 
vaak niet de juiste concentratie vrij aanwezige fluoride bevatten om effectief te kunnen zijn 
tegen cariës15, bovendien voldoen de kwalificaties op de verpakking niet aan de 
internationale normen. In 2002 bevatten slechts twee van de vier geteste fluoridetandpasta’s 
voldoende vrij aanwezige fluoride (Hoofdstuk 5). De producenten werden op de hoogte 
gesteld van de testresultaten waarop een grote producent stappen ondernam om de vrij 
aanwezige fluoride concentratie in een van zijn merken te verhogen. Er werden nog zeven 
andere merken in Nepal geproduceerde fluoridetandpasta geanalyseerd in 2004. Drie merken 
bevatten voldoende vrij aanwezige fluoride, twee zaten op het randje en twee bevatten 
onvoldoende vrij aanwezige fluoride. De producenten kregen verslag van de uitkomsten; 
twee van hen weigerden echter hun producten aan te passen. Om er zeker van te zijn dat er in 
Nepal goede kwaliteit fluoridetandpasta  wordt aangeboden, ontwikkelden de United Mission 
to Nepal Oral Health Programme en de Nepal Dental Association een aantal kwaliteitseisen 
voor fluoridetandpasta  aldaar. De aanbeveling was dat producenten van wie de tandpasta’s 
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aan deze kwaliteitseisen voldeden, in aanmerking zouden komen voor een belastingverlaging 
op hun producten, eveneens gold als aanbeveling dat de Keuringsdienst van Waren van de 
Nepaleze regering de kwaliteit van in Nepal geproduceerde tandpasta zou controleren. Deze 
aanbevelingen werden opgenomen in het overheidsplan van het ministerie van 
volksgezondheid in Nepal maar tot dusver zijn ze niet in praktijk gebracht. Jammer genoeg is 
in de huidige ISO Standards16 niet vastgelegd wat de minimum concentratie vrij aanwezige 
fluoride in fluoridetandpasta moet zijn en internationaal lobbyen heeft daar geen verandering 
in kunnen brengen. De controle op vervalste tandpasta en op de invoer van kwalitatief slechte 
fluoridetandpasta evenals het versterken van de positie van de Keuringsdienst van Waren bij 
de kwaliteitscontrole van tandpasta zijn punten die aandacht vereisen. Andere 
lagelonenlanden worden met vergelijkbare uitdagingen geconfronteerd en weer moet de 
‘waarom’-vraag worden gesteld om achter de oorzaak van de problemen te komen. 
 
De derde kwestie, de betaalbaarheid van fluoridetandpasta, is gerelateerd aan de mate waarin 
het binnen bereik is. Wanneer fluoridetandpasta goedkoper wordt, komt het meer binnen 
bereik van diegenen die zich het minst kunnen veroorloven. Door de uitbreiding van het 
aantal merken lokaal geproduceerde fluoridetandpasta in Nepal kwamen er meer goedkopere 
fluoridetandpasta’s op de markt (Hoofdstuk 4 en 5). Promotie en lobby op internationaal 
niveau is gewenst om fluoridetandpasta’s   betaalbaarder te maken voor andere 
lagelonenlanden. Hoofdstuk 8 oppert  dat fluoridetandpasta niet in gelijke mate betaalbaar is 
in rijke landen, middeninkomen- en lagelonenlanden en toont dat ook aan. Er was een 
tendens waarneembaar dat hoe armer het land, hoe groter het benodigde percentueel 
besteedbare inkomen om de aanbevolen jaarlijkse hoeveelheid tandpasta te kunnen betalen. 
Eén manier om fluoridetandpasta lager geprijsd te krijgen is de belasting op 
kwaliteitstandpasta te verlagen dan wel geheel af te schaffen maar lagelonenlanden zijn niet 
zomaar bereid om tot deze strategie over te gaan tenzij rijke landen het precedent scheppen. 
In Engeland hebben de British Dental Association en een plaatselijke niet-gouvernementele 
organisatie bij de overheid sterk gepleit voor belastingverlaging op fluoridetandpasta. Een 
van de aangevoerde argumenten was dat het ministerie van Volksgezondheid in Engeland al 
een belastingverlaging had doorgevoerd op preventieve producten zoals condooms en 
nicotine vervangende middelen (nicotinekauwgom en nicotinepleisters) en dat daarom 
fluoridetandpasta, een wijd en zijd gebruikt en effectief preventief product, dezelfde 
belastingverlaging zou moeten krijgen.  Verder  zou er voor een nieuwe classificatie van 
fluoridetandpasta, namelijk  in het domein van bovengenoemde producten, gepleit en 
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gelobbyd kunnen worden.  Daarnaast moet er meer inzicht komen in de kosten-
batenverhouding van fluoridetandpasta en in het effect van lagere marktprijzen op het 
koopgedrag in de lagere sociaal economische klasse. 
 
Een integraal en belangrijk onderdeel van planning van mondgezondheidszorg is evaluatie. 
Systematische evaluatie is belangrijk voor het vaststellen van de effectiviteit en de getaxeerde 
uitkomsten (wat is er werkelijk bereikt) van de interventie. Evaluatie van het 
interventieproces helpt bij de identificatie van de problemen en uitdagingen, de sterke en de 
zwakke punten en de onderdelen van het programma die voor verbetering vatbaar zijn en laat 
zien of de ingezette middelen verantwoord waren17. Hoofdstuk 4 evalueert niet alleen het 
proces van promotie en lobby maar beschrijft ook de tussentijdse resultaten van het 
programma. Door anderen (individuen en organisaties) deelgenoot te maken van de 
ervaringen en de uitkomsten van evaluatie door publicaties en workshops wordt bijgedragen 
aan een beter inzicht over hoe plannen en de uitvoering ervan vorm kunnen krijgen. Het 
verbreiden van de ervaringen in Nepal heeft andere landen zoals Myanmar, Laos en 
Cambodja gestimuleerd bij hun pogingen de beschikbaarheid van werkzame 
fluoridetandpasta te vergroten. Het heeft ook indirect een rol gespeeld bij de beslissing van de 
WHO en de FDI om twee internationale workshops over fluoride te organiseren18,19.   
 
Hoofdstuk 6 laat zien dat het promotie- en lobbyproces efficiënt was in termen van minimaal 
gebruikte middelen en maximaal effect. In de kostenberekeningen (Hoofdstuk 5) waren de 
kosten van de analyse van tandpastafluoride in 2002 echter niet opgenomen. Maar ook als 
deze kosten in de berekening worden opgenomen, verandert dat amper iets aan de kosten-
batenratio.  
 
Hoofdstuk 7 poogt de effecten op de gezondheid als resultaat van het 
gezondheidspromotieprogramma vast te stellen door de data van de nulmeting te vergelijken 
met die van de follow-up. De sterke afname in de cariëservaring van schoolkinderen in Nepal 
was voornamelijk toe te schijven aan het wijdverbreide gebruik van fluoridetandpasta. Een 
systematisch overzichtsartikel waarin de resultaten van 70 klinische studies naar de werking 
van fluoridetandpasta zijn samengebracht, concludeert dat het gebruik van dit preventieve 
middel resulteert in een afname van DMFS van gemiddeld 24%20. Men kan  aanvoeren dat de 
sterkere afname die gezien werd in Nepal te danken is aan een cumulatief preventief effect 
van fluoride gedurende zes jaar, wat meer dan het dubbele is van de tijdsduur van de 
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kortlopende klinische studies. Het zwakke punt bij het evalueren van 
gezondheidsbevorderende interventies is dat vergelijking van gegevens van een nulmeting 
met die van een follow-up verkregen uit transversaal bevolkingsonderzoek het moeilijk 
maakt causale verbanden te leggen. Verstorende factoren (confounders) beïnvloeden namelijk 
zulke gegevens. Eén mogelijkheid om confounders bij de afname van cariës in Nepal 
enigszins te neutraliseren is door toepassing van een multivariate analyse. Gerandomiseerd 
gecontroleerd onderzoek (randomised controlled trial - RCT), is de ‘gouden standaard’-
methode voor de evaluatie van klinische interventies, maar er zijn beperkingen als het gaat 
om landelijke gezondheidsbevordering of om interventies in gemeenschappen. Op een WHO-
workshop werden verschillende punten besproken betreffende de evaluatie- methoden die 
gehanteerd worden bij gezondheidsbevorderende en op de gemeenschap gerichte interventies. 
Daarbij kwamen de beperkingen van de RCT, de noodzaak voor een meer pluralistische 
benadering (kwantitatieve en/of kwalitatieve), matchingtechnieken en effectmeting op 
kwaliteit van leven, zelfzorg, bewustwording en daadkracht aan de orde. Deze kwesties 
benadrukken ook de moeilijkheden bij het nemen van hindernissen bij het evalueren van de 
bijdrage van een promotie- en lobbyprogramma voor fluoridetandpastagebruik aan een 
afname van tandcariës bij Nepalese schoolkinderen. 
 
Een veelbelovende interventie voor het probleem van onbehandelde cariës bij kinderen in 
Nepal en andere lagelonenlanden en middeninkomenlanden is Arresting Caries Treatment 
(ACT). Het onderzoek in Nepal (Hoofdstuk 9) met silver diamine fluoride (SDF) en het 
klinisch onderzoek in Cuba22 en China23 tonen de effectiviteit van ACT in het tot staan 
brengen van cariës in het melkgebit. Daar de Atraumatic Restorative Treatment (ART) 
mogelijk te kostbaar is voor veel achtergestelde bevolkingsgroepen, zou ACT een acceptabel 
alternatief kunnen zijn voor onbehandelde cariës. De twee behandelmethoden zouden elkaar 
kunnen aanvullen in die zin dat ART bestemd is voor de behandeling van het blijvend gebit 
en ACT voor het melkgebit. Om zoveel mogelijk profijt te hebben van zowel de 
bedwingende als de cariëspreventieve eigenschappen van 38% SDF, zou waarschijnlijk een 
jaarlijkse applicatie nodig zijn. Hoe past ACT waarbij 38% SDF wordt gebruikt, bij de andere 
componenten van het BPOC? Hieronder volgt een protocol voor de toepassing van de BPOC 
componenten in lagelonenlanden en middeninkomenlanden: 
• Affordable Fluoride Toothpaste (AFT): 
1. Een prioriteit is de promotie van AFT en het bevorderen van een 
bewustwordingsproces gericht op zelfzorg en vaardigheden waardoor een 
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gehele bevolking tandcariës en parodontale aandoeningen kan voorkomen. De 
introductie van preventieve programma’s of zelfzorg met AFT zal de ziektelast 
en de noodzaak voor ACT, ART en uiteindelijk OUT verminderen. 
• Atraumatic Restorative Treatment (ART): 
1. Zeer geschikt voor zowel het melkgebit als het blijvend gebit met klachtenvrije 
kleine of middelgrote eenvlakscaviteiten buiten bereik van de pulpa. 
2. Toepassing ervan als verzegeling om cariës vatbare pitten en fissuren te 
beschermen tegen vroege glazuur cariës. 
• Arresting Caries Treatment (ACT): 
1. Voor het melkgebit en het blijvende gebit als ART niet beschikbaar is of te duur 
of als een restauratie niet de meest geschikte oplossing is. 
2. Als tijdelijke (nood)behandeling tot de patiënt restauratieve zorg kan krijgen. 
• Oral Urgent Treatment  (OUT): 
1. Extractie van een pijnlijk gebitselement waarbij cariës is doorgedrongen tot in 
de pulpa met spontane pijn, druk- en temperatuurgevoeligheid of pijnvrij met 
spreiding van de infectie in het omringende weefsel. 
2. Extractie van wortelfragmenten waarbij het zachte weefsel getraumatiseerd is of 
de doorbraak van gebitselementen belemmerd wordt. 
 
Hoewel de bewijssterkte over de effectiviteit van ACT met 38% SDF toeneemt, moeten we 
nog meer weten over de acceptatie van deze behandeling en de efficiëntie in vergelijking tot 
de restauratie van aangetaste gebitselementen, en bovendien of eerstelijns 
gezondheidszorgwerkers opgeleid kunnen worden om deze eenvoudige behandeling uit te 
voeren. Net als bij ART en OUT, zijn er hindernissen te nemen om ACT te integreren in een 
georganiseerd eerstelijns tandheelkundig zorgsysteem.  
 
De belangrijkste conclusies van dit promotieonderzoek zijn: 
• Lagelonenlanden hebben niet de financiële middelen voor een restauratieve 
benadering om het probleem van onbehandelde cariës bij kinderen op te lossen en 
benadering gericht op volksgezondheidpromotie  is vereist om dit probleem aan te 
pakken. 
• De betaalbaarheid van fluoridetandpasta is verschillend in lagelonenlanden, 
middeninkomenlanden en rijke landen. 
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• Niet aflatende gezondheidspromotie  en gezondheidslobby  zijn het belangrijkst  om 
de verkrijgbaarheid, betaalbaarheid en de werkzaamheid van fluoridetandpasta te 
verbeteren. 
• Een 24-maanden durend onderzoek naar het effect van SDF op het melkgebit toont 
aan dat een eenmalige applicatie van 38% SDF effectief is om cariëslaesies te 
bedwingen waarbij de werkzaamheid op den duur afneemt; 12% SDF is niet 
werkzaam; tanninezuur uit thee als  reducerend middel heeft geen meerwaarde; en een 
eenmalige SDF-applicatie leidt niet tot vermindering van nieuwe cariës.  
 
Aanbevelingen 
Er is dringende behoefte aan: 
1. Additioneel onderzoek: 
• Kosten-batenevaluaties van het gebruik van fluoridetandpasta; de vraag of  
prijsverlaging resulteert in toenemend gebruik door de arme bevolking. 
• De ontwikkeling en evaluatie van verschillende methodes bij toepassing van ACT.  
• Het vergelijken van kosteneffectiviteit van ART met die van ACT van het 
melkgebit. 
• Nut, acceptatie en integratie van ACT in door de overheid georganiseerde 
gezondheidzorg.  
• Het bevorderen en verbeteren van evaluatiemethoden bij de bevolking. 
• Evaluatie van BPOC-demonstratieprojecten in verschillende landen onder 
verschillende omstandigheden. 
• Beleidsontwikkeling op het gebied van zorgsystemen en de integratie van BPOC 
in bestaande gezondheidszorg van verschillende landen.  
• Verdere evaluatie van de uitkomsten van het gezondheidspromotie- programma 
voor fluoridetandpasta’s in Nepal om vast te stellen of de effecten blijvend zijn. 
2. Promotie- en lobbyactiviteiten ten behoeve van beleidsverandering ten gunste van de 
betaalbaarheid, verkrijgbaarheid en werkzaamheid van fluoride-tandpasta: 
• Ontwikkeling van langetermijnactieplannen, wereldwijd, regionaal en plaatselijk.  
• Onderzoek naar lokale/nationale partners en de mogelijkheden hen in te schakelen 
bij promotie- en lobbyactiviteiten en bij de uitvoering van actieplannen. 
• Het vestigen van regionale laboratoria voor de controle op vrij aanwezige fluoride 
in gefluorideerde tandpasta. 
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